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ABSTRACT 

A  preliminary  ground-water/surface-water  Interaction  study  was  conducted  in 
the  upper  Big  Hole  basin  of  southwest  Montana  to  address  concerns  about 
possible  changes  in  stock-watering  practices.  Objectives  of  the  project 
included  characterizing  the  near-surface  aquifer  and  obtaining  estimates  of 
water  loss  along  surface-water  diversions.  Most  wells  in  the  basin  are 
completed  in  poorly  sorted  Tertiary  and  Quaternary  sand  and  gravel.  Aquifer 
tests  at  five  locations  yielded  hydraulic  conductivity  estimates  of  0.02-1.1 
ft/day.  Ground-water  flow  in  the  basin  is  generally  toward  the  Big  Hole  River, 
with  another  component  of  flow  northward.  On  the  average,  ground-water 
levels  across  the  basin  rose  2.3  ft  between  May  and  June  1996.  After  July, 
levels  dropped  sharply.  Larger  than  average  water-level  rises  and  declines 
generally  were  associated  with  flood  irrigation  and/or  use  of  nearby  surface- 
water  diversions.  Flow  losses  along  18  diversions  were  found  to  average  0.6 
cfs/mile.  Flow  loss  data  were  used  to  derive  predictive  equations  for  aquifer 
recharge  near  surface-water  diversions.  Flow  loss  and  ground-water  level 
data  indicate  that  flood  irrigation  and  surface-water  diversion  contribute 
significantly  to  the  recharge  of  the  basin's  near-surface  aquifer.  This  recharge 
may  increase  ground-water  discharge  to  the  surface-water  system  for  as  long 
as  two  months  or  as  short  as  several  days.  The  period  of  increased  discharge 
strongly  depends  on  ground-water  flow  distance  and  the  hydraulic 
conductivity  of  the  aquifer.  Distance-drawdown  calculations  indicate  that 
increased  use  of  stock  wells  is  unlikely  to  have  a  detrimental  impact  on 
ground-water/surface  water  interactions  in  the  basin. 
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INTRODUCTION 

Project  Background,  Scope  and  Goals:  In  the  upper  Big  Hole  River  basin  of 
southwest  Montana,  using  ground  water  to  meet  livestock  needs  is  a 
management  option  that  could  be  beneficial  during  drought  years.  Surface  water 
that  normally  is  diverted  for  stock  could  remain  in  natural  drainages  to  maintain 
and  protect  trout  fisheries  and  the  last  remaining  fluvial  Arctic  grayling  population 
in  the  continental  United  States.  Stock  needs  could  then  be  met  with  a  network 
of  strategically  placed  wells  and  stock  tanks. 

Many  ranchers  in  the  basin,  however,  are  apprehensive  about  changing  their 
traditional  stock-watering  practices.  Concerns  arise  about  available  ground  water 
in  the  basin  and  the  interaction  between  the  ground-water  and  surface-water 
systems. 

Recognizing  the  need  for  a  better  understanding  of  the  hydrology  of  the  basin, 
the  Beaverhead  Conservation  District  (BCD),  in  cooperation  with  the  Montana 
Bureau  of  Mines  and  Geology  (MBMG),  initiated  a  preliminary  ground- 
water/surface-water  (gw/sw)  interaction  study.  The  objectives  of  the  project  were 
as  follows: 

1)    obtain  data  on  the  near-surface  aquifer  (lithology,  depth  to  water, 
aquifer  thickness,  and  hydraulic  conductivity); 


2)  obtain  estimates  of  water  loss/gain  along  surface-water  diversions; 
and 

3)  obtain  other  geologic  and  hydrologic  information  that  furthers  the 
understanding  of  the  basin. 

To  accomplish  these  tasks,  data  collection  included  gathering  surface-water 
stage  and  flow  data  from  18  diversions,  logging  the  geology  for  4  new  stock 
wells,  inventorying  108  wells,  and  tracking  water-level  fluctuations  in  select  wells. 
Data  collection  for  the  project  began  in  July  1995  and  concluded  in  October 
1996. 

Study  Area:  The  upper  Big  Hole  basin  encompasses  approximately  1,200  mi^  in 
western  Beaverhead  and  southern  Deerlodge  counties  in  southwest  Montana 
(figure  1).  The  basin  is  a  wide,  high-altitude  valley  bounded  by  mountains — the 
Beaverhead  Mountains  to  the  south  and  southwest,  the  Pioneer  Mountains  to 
the  east,  and  the  Anaconda  (Pintler)  Range  to  the  north  and  northwest.  The 
main  stem  of  the  Big  Hole  River  flows  northward  through  the  valley,  passing  the 
communities  of  Jackson  and  Wisdom.  Major  tributaries  in  the  area  include  the 
North  Fork  of  the  Big  Hole,  Warm  Springs  Creek,  Governor  Creek,  Miner  Creek, 
Swamp  Creek,  Little  Lake  Creek,  Steel  Creek,  and  Trail  Creek. 
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Big  Hole  River  Flow  Characteristics:  Spring  runoff  in  ttie  upper  basin  usually 
begins  in  April  and  peaks  in  June.  Tiie  average  flow  at  Wisdom  in  June  is  444 
ft^/second  (cfs)  (years  1988-1995,  Shields  et  al.  1996).  Discharge  rapidly 
declines  in  July  when  precipitation  decreases  and  most  of  the  seasonal 
snowpack  has  melted.  Flow  is  usually  lowest  during  September,  with  a  monthly 
average  of  33  cfs  (years  1 988-1 995,  Shields  et  al.  1 996). 

Geology:  The  basin  lies  within  the  fold  and  thrust  belt  of  the  Northern  Rocky 
Mountain  physiographic  province,  which  is  characterized  by  numerous  mountain 
ranges  and  intermontane  valleys.  The  mountainous  portions  of  the  basin  are 
predominantly  Proterozoic  metamorphic  and  Cretaceous  igneous  rocks  (see 
figure  2).  In  the  broad  central  portion  of  the  basin,  thin  (<150  ft)  Quaternary 
glacial  till,  outwash,  and  alluvial  deposits  overlie  Tertiary  sedimentary  rocks.  An 
exploratory  well  drilled  by  the  American  Oil  Company  in  the  early  1980s  found 
more  than  16,000  ft  of  Tertiary  deposits  in  the  center  of  the  basin  southwest  of 
Wisdom  (Levings  1986). 

Climate:  The  climate  of  the  upper  basin  is  characterized  by  long,  cold  winters, 
mild  summers,  and  low  annual  precipitation.  Wisdom  (elev.  6,060  ft)  receives 
about  11  in.  of  precipitation  annually  (years  1961-1990,  NOAA  1991),  whereas 
the  average  annual  precipitation  in  the  adjacent  mountains  is  30-50  in.  (SCS 
1977).  May  and  June  typically  are  the  wettest  months. 
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Legend  for  figure  2. 
Geologic  map  for  the  upper  Big  Hole  River  basin 


Qa    I    Alluvium  (Holocene)  -  Silt,  sand,  and  gravel  in  channels  and  flood  plains  of 

major  rivers  and  streams  and  in  related  alluvial  fans.  Maximum  thickness 

unknown. 
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Landslide  deposits  (Holocene  and  Pleistocene)  -  Angular  fragments  of  bedrock 
mixed  with  soil  or  heterogeneous  boulders  and  finer  grained  material  derived 
from  glacial  deposits  on  steep  valley  walls;  characterized  by  irregular, 
hummocky  topography;  boggy  in  places. 

Of    I    Alluvial-fan  deposits  (Holocene  and  Pleistocene)  -  Poorly  sorted  silty  sand 
and  gravel  deposited  in  broad  alluvial  fans  along  valley  margins. 


Qs        Lacustrine  sand  and  silt  (Holocene  and  Pleistocene)  -  Silt  and  sand  in  thin- 
bedded,  well-sorted  deposits. 


Qm  J  Till  (Pleistocene)  -  Unsorted  mixture  of  boulders,  cobbles,  pebbles,  and  sand 
deposited  by  glaciers.  Includes  deposits  of  at  least  two,  and  in  some  places 
three,  episodes  of  glaciation. 


Qo    I    Glacial  outwash  (Pleistocene)  -  Pooriy  sorted  bouldery  gravel  and  sand  deposited 
by  glacial  meltwater. 

I  Qtg   I    Alluvial  and  pediment  gravels  (Quaternary  and  Tertiary)  -  Unconsolidated, 
deeply  weathered  angular  to  rounded  pebbles,  cobbles,  and  small  boulders 
of  quartzite,  arkosic  sandstone,  and  granitic  rocks  in  sand  matrix;  commonly 
covered  by  a  thin  layer  of  eolian  silt.  Thickness  0-150  ft. 


Tbz 


Bozeman  Group  and  related  valley-fill  deposits,  undivided  (Pliocene  to  Eocene) 
-  Light-gray  to  yellowish  brown,  moderately  indurated  to  well-indurated 
tuffaceous  sandstone  and  siltstone  containing  subordinate  interbeds  of 
limestone  and  mari  and  lenses  of  pebble  and  cobble  conglomerate  composed 
of  locally  derived  rock  fragments.  Maximum  thickness,  in  Big  Hole  basin, 
exceeds  16,000  ft. 


Tvp  I    Volcanic  and  plutonic  rocks  (Tertiary). 


YPM  I    Sedimentary  rocks  (Proterozoic,  Paleozoic,  and  Mesozoic),  and  volcanic  and 
plutonic  rocks  (Cretaceous). 
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YPM  I    Sedimentary  rocks  (Proterozoic,  Paleozoic,  and  Mesozoic),  and  volcanic  and 
plutonic  rocks  (Cretaceous). 


Because  of  the  high  altitude  and  thermal  inversions,  the  basin  is  subject  to 
extreme  cold  in  the  winter.  Sub-zero  temperatures  are  common  during  January 
and  February.  Summers  are  generally  mild,  with  monthly  average  high 
temperatures  ranging  from  60  to  65  °F. 

Water  Use:  The  Big  Hole  River  and  its  tributaries  are  the  primary  source  of  water 
for  the  approximately  112,000  acres  of  irrigated  land  in  the  upper  basin  (DNRC 
1981).  Generally,  stream  water  is  diverted  into  unlined  ditches  and  canals  to 
flood  irrigate  hay  fields  and  pastureland.  The  irrigation  season  begins  in  May  and 
continues  through  early  July.  Most  diversions  are  closed  by  mid-July  to  let  the 
fields  dry  for  several  weeks  before  the  hay  is  harvested,  though  a  few  remain 
open  to  supply  water  to  livestock.  The  quantity  of  water  diverted  for  livestock  is 
not  well  documented,  but  Montana  Fish,  Wildlife  and  Parks  (MFWP)  estimates 
that  up  to  60  cfs  are  diverted  from  the  river  above  Wisdom  during  July,  August, 
and  September.  This  late-summer  flow  is  the  object  of  conflicting  needs  in  some 
years. 

Flows  for  fisheries  and  recreation  are  another  source  of  water  demand.  MFWP 
estimates  that  30-40  cfs  are  needed  to  maintain  the  fluvial  Arctic  grayling  habitat 
near  Wisdom  during  August  and  September.  For  the  years  1988-1995,  the 
average  flow  of  the  river  during  these  months  was  63  and  33  cfs,  respectively 
(Shields  ef  a/.  1996). 


GROUND  WATER 

A  well  inventory  was  conducted  In  the  upper  basin  in  the  spring  and  summer, 
1996.  Data  were  gathered  from  108  wells  to  characterize  the  hydrogeology  of 
the  basin's  near-surface  aquifer.  Appendix  A  contains  the  summary  data, 
including  well  locations,  altitudes,  depths,  and  water  levels.  Also,  this  information 
was  entered  into  the  MBMG's  Ground-Water  Information  Center  (GWIC)  data 
base  for  use  by  future  researchers  and  water  resource  managers.  GWIC  well 
identification  numbers,  or  M:numbers,  are  used  to  reference  well  information 
throughout  this  report. 

Hydrogeologic  Units:  Quaternary  glacial  till  and  outwash,  alluvial  deposits,  and 
Tertiary  sedimentary  rocks  are  the  primary  hydrogeologic  units  in  the  broad, 
central  portion  of  the  basin  where  the  study  was  focused.  The  Tertiary 
sedimentary  rocks  consist  of  sandstones,  siltstones,  and  conglomerates  that  are 
exposed  mostly  along  the  flanks  of  the  mountains. 

Four  stock  wells  (M:1 53310,  M:153311,  M:153312,  and  M:153313)  drilled  by  the 
U.S.  Fish  and  Wildlife  Service  in  1995  were  completed  in  Tertiary  siltstones 
underlying  80-200  ft  of  unconsolidated  glacial  outwash  and  Tertiary  silt,  sand, 
and  gravel  (see  well  logs,  appendix  B).  Aquifer  tests  were  performed  on  three  of 
these  wells  (M:153310,  M:153311,  and  M:153312)  and  one  additional  well  near 
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meltwater,  consists  of  poorly  sorted  lenses  of  cobbles,  gravel,  and  sand.  The 
glacial  outwash  is  as  much  as  100  ft  thick  near  the  upstream  source  areas  but 
thins  down  basin.  Using  the  specific  capacities  of  seven  wells,  Levings  (1986) 
estimated  that  the  outwash  materials  have  a  median  transmissivity  of  550  ft^/day. 

Recharge:  Recharge  to  the  ground-water  system  is  principally  from  infiltration  of 
precipitation  on  the  land  surface,  and  from  infiltration  of  runoff  in  stream 
channels,  unlined  diversions,  and  flood-irrigated  hay  meadows.  Seasonal 
recharge  to  the  ground-water  system  generally  begins  in  early  spring  and  ceases 
by  mid-summer  as  mountain  snow  pack  and  runoff  decrease  and 
evapotranspiration  (ET)  increases  (Levings  1986). 

Direction  of  Ground-Water  Movement:  The  direction  of  ground-water 
movement  in  the  valley  is  depicted  on  plate  1 ,  a  potentiometric  surface  map  of 
shallow  ground  water  in  the  upper  Big  Hole  basin.  Contours  were  developed 
from  water-level  measurements  made  during  the  spring  and  summer  1996; 
historical  data  from  GWIC  also  were  used  if  a  field  measurement  was  not 
possible.  Altitudes  of  perennial  surface-water  features  were  used  in  conjunction 
with  the  well  data.  Plate  1  is  very  similar  to  the  potentiometric  surface  map 
produced  by  Levings  (1986)  with  data  from  1982  and  1983.  The  similarity 
suggests  that  increased  ground-water  use  and  any  other  changes  in  aquifer 
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recharge  and/or  discharge  over  the  past  13-14  years  have  had  little  effect  on  the 
the  basin's  ground-water  supply. 

Ground-water  flow  in  the  basin  is  generally  toward  the  Big  Hole  River,  with 
another  component  of  flow  northward.  At  the  north  end  of  the  basin,  all  ground- 
water flow  in  the  Quaternary  and  Tertiary  beds  is  toward  the  river. 

Horizontal  gradients  west  of  the  Big  Hole  River  are  lower  than  those  on  the  east, 
reflecting  the  relatively  gentle  topography  on  the  west  side  of  the  basin.  From 
south  to  north  along  the  western  side  of  the  study  area,  the  potentiometric 
gradient  decreases  from  about  0.02  to  0.005  ft/ft.  The  decrease  may  result  from 
an  increase  in  the  thickness  and/or  hydraulic  conductivity  of  the  aquifer. 

Flow  in  the  basin  aquifer  also  has  a  vertical  component.  Upward  gradients  occur 
along  the  main  stem  of  the  Big  Hole  and  several  tributaries  as  evidenced  by  the 
presence  of  nine  artesian  wells  (table  2).  These  wells  range  from  6  to  200  ft 
deep;  flow  rates  are  as  much  as  10  gpm.  A  water  level  from  one  of  the  artesian 
wells  (M:  108583)  was  compared  to  that  of  a  nearby  shallow  well  (M:  156225)  to 
obtain  an  upward  gradient  estimate  of  0.18  ft/ft  (table  3). 

On  the  benches  and  terraces  away  from  the  river  and  tributaries,  gradients  are 
generally  downward.   Using  three  well  pairs  that  were  inventoried  in  such  areas, 
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Table  2:  Artesian  wells  in  the  upper  Big  Hole  basin. 


Land 

Water 

Location 

Surface 

Well 

Level 

Well  ID 

(Township,  Range, 

Elevation 

Depth 

Elevation 

M:Number 

Section,  Tract) 

(ft) 

(ft) 

(ft) 

Comments 

M:107684 

03S15W20CDAC 

6138 

33 

6139.4 

WL  above  ground  surface 

M:  108583 

05S15W03BDCB 

6319 

66 

6319 

Flowing 

M:145348 

04S15W05DBCD 

6195 

26 

6195.6 

WL  above  ground  surface 

M:156194 

01S16W21ADCC01 

6180 

6 

6180 

Flowing 

M:  156220 

04S16W04ACCC 

6340 

- 

6342 

Flowing 

M:  156224 

04S16W17BABA 

6520 

— 

6516.4 

Seasonal  flow 

M:  156227 

05S15W34BCAD 

6500 

- 

6503 

WL  above  ground  surface 

M:  156230 

06S15W06ADAA 

6625 

- 

6625 

Flowing 

M:151289 

01N14W27ABDD 

5910 

200 

5910 

Flowing,  but  grouted  after  inventory 

Notes: 

-  Not  available 
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vertical  gradients  in  the  aquifer  were  found  to  range  from  0.06  to  0.18  ft/ft  (table 
3).  The  vertical  gradients  fluctuate  seasonally,  with  the  highest  gradients  during 
the  early  sumnner  when  recharge  from  runoff  and  irrigation  generally  occurs. 

Water-Level  Fluctuations:  Water  levels  in  about  30  wells  were  monitored 
monthly  from  May  through  August  1996  to  characterize  the  seasonal  fluctuation 
in  the  basin  aquifer  (see  appendix  C).  Two  wells,  M:  153310  and  M:  108610,  were 
equipped  with  continuous  recorders  for  long-term  monitoring.  On  the  average, 
water  levels  across  the  basin  rose  approximately  2.3  ft  from  mid-May  to  mid- 
June  (see  figure  3).  From  June  to  July,  levels  declined  by  about  0.3  ft.  After  July, 
water  levels  in  the  aquifer  declined  sharply,  returning  to  levels  slightly  higher 
than  those  in  May. 

Temperature  and  precipitation  data  (NWS  1996)  from  Wisdom  during  January 
through  September  1996  are  presented  in  figures  4  and  5,  respectively.  These 
data  are  compared  to  the  monthly  averages  for  the  30  years  of  record  from  1961 
to  1990.  As  shown,  temperatures  during  winter,  spring,  and  summer  1996  were 
close  to  normal,  and  precipitation  was  about  1.6  in.  (15%)  greater  than  average. 
Using  these  data  as  approximate  indicators  of  ET  and  recharge,  it  was 
concluded  that  no  highly  unusual  climatic  conditions  occurred  that  would  have 
affected  water  levels  in  the  basin  aquifer.  Therefore,  water-level  fluctuations 
observed  during  the  study  were  probably  close  to  normal. 
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In  addition  to  characterizing  seasonal  trends,  water-level  data  were  used  to 
identify  areas  in  the  basin  where  unusually  high  recharge  or  discharge  occurs. 
Table  4  lists  the  wells  with  the  greatest  water-level  increases  from  May  through 
mid-July  and  the  greatest  water-level  declines  from  July  to  mid-August.  With  the 
exception  of  M:108251,  M:152571,  and  M:156201,  all  wells  listed  are  close  to 
surface-water  diversions  or  flood-irrigated  meadows. 

Water  levels  in  several  of  the  wells  listed  in  table  4  were  tracked  in  conjunction 
with  nearby  surface-water  flow  or  stage.  The  hydrographs  shown  in  figures  6,  7, 
8,  and  9  generally  reinforce  the  concept  that  the  large  ground-water  fluctuations 
at  these  locations  are  associated  with  water  use  in  the  diversions  or  on  the  fields. 

The  hydrograph  for  M:1 08610  (figure  9)  demonstrates  this  relationship 
particularly  well.  The  well  is  located  on  a  ridge  about  110ft  west  of  a  large  canal 
and  flood-irrigated  field;  it  is  approximately  a  quarter  mile  from  Govemor  Creek. 
Following  a  period  of  recharge  from  an  early  spring  thaw,  the  water  level  in  the 
well  gradually  declined  until  May  12,  the  day  that  flood  irrigation  began.  The 
water  level  then  rose  16.7  ft  in  six  days.  For  the  next  seven  weeks,  the  water 
level  remained  relatively  stable.  When  irrigation  ended  on  or  about  July  9,  the 
water  level  in  the  well  began  declining  about  0.33  ft/day.  By  the  end  of 
September,  the  water  level  had  dropped  19.7  ft,  and  the  rate  of  decline  was  just 
beginning  to  decrease.  This  slow  decline  suggests  that  irrigation  return  flows  in 
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this  portion  of  the  Big  Hole  basin  may  contribute  to  higher  than  normal  ground- 
water discharge  to  the  surface-water  system  for  more  than  two  months  following 
the  end  of  irrigation.  The  timing  of  return  flows  depends  on  many  variables, 
including  aquifer  permeability,  soil  moisture,  depth  to  water  table,  and  distance  to 
ground-water  discharge  areas;  hence,  return  flows  elsewhere  in  the  basin  may 
occur  over  longer  or  shorter  periods  than  the  above  example. 

SURFACE  WATER 

Diversion  Flow  Loss:  Flow  measurements  were  made  along  18  surface-water 
diversions  during  the  summers  of  1995  and  1996  to  evaluate  rates  of  water  loss 
or  gain.  Most  flow  measurements  were  made  using  a  current  meter.  At  a  few 
locations,  Parshall  flumes  are  present,  so  flows  were  calculated  from  flume 
geometry  and  stream  stage.  The  locations  of  the  measuring  points  are  shown  on 
plate  2,  and  a  summary  of  the  data  obtained  are  presented  in  table  5.  On  the 
average,  the  diversions  lost  0.6  cfs/mile  (270  gpm/mile).  The  maximum  loss  rate 
recorded  was  3.9  cfs/mile  (1,750  gpm/mile);  the  maximum  gain  rate  was  1.3 
cfs/mile  (600  gpm/mile). 

Flow  data  also  were  obtained  from  gaging  stations  along  a  four-mile  section  of 
the  Ruby  ditch  south  of  the  Big  Hole  National  Battlefield.  These  stations  were 
maintained  by  the  U.S.  Bureau  of  Reclamation  (USBR)  during  the  1994,  1995, 
and  1996  summer  field  seasons.  The  average  loss  rate  calculated  from  the  1994 
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data  was  0.8  cfs/mile  (370  gpm/mile).  The  maximum  loss  rate  was  5.1  cfs/mile 
(2,300  gpm/mile)  and  occurred  in  the  early  spring  when  flow  in  the  ditch  was 
greatest.  In  August,  when  flow  in  the  ditch  was  lowest,  an  average  flow  gain  of 
0.2  cfs/mile  was  observed. 

At  several  locations  where  wells  are  located  close  to  ditches,  leakage  estimates 
were  obtained  using  the  Darcy  equation: 

Q=KIA  (1) 

where  Q  is  flow,  K  is  hydraulic  conductivity,  I  is  hydraulic  gradient,  and  A  is  area. 
For  the  calculations,  K  was  taken  to  be  1.1  ft/day,  the  most  reliable  estimate 
obtained  from  the  aquifer  tests  during  this  study  (see  table  1);  I  was  estimated 
using  the  difference  between  the  water  level  in  the  ditch  and  that  in  the  nearby 
well  and  dividing  by  the  well  depth;  A  was  determined  by  multiplying  estimated 
ditch  width  by  5,280  ft  (1  mile).  Calculated  losses  ranged  from  0.1  to  0.3  cfs/mile 
(table  6).  Although  these  values  fall  slightly  below  the  average  losses  measured 
in  the  field,  the  agreement  is  still  good.  Increasing  K  by  a  factor  of  three  to  four 
would  result  in  close  agreement  between  the  calculated  and  field  values. 

Relationship  between  Diversion  Flow  Rate  and  Loss:  In  addition  to 
estimating  the  average,  maximum,  and  minumum  flow  losses,    the  1994  data 
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Table  6:  Estimates  of  flow  loss  from  select  ditches  based  on  Darcy's  equation. 


Maximum 

Observed 

Ditch 

Width  X 

Hydraulic 

Gradient 

Width* 

5280  ft 

Conductivity 

Flow  Loss 

Ditch 

Well 

Location 

(ft/ft) 

(ft) 

(ft') 

(ft/day) 

(cfs/mile) 

JN01 

M:145341 

02S15W32ABAB 

0.22 

10 

52800 

1.1 

0.15 

SD09 

M:153310 

02S16W24ADBC 

0.33 

15 

79200 

1.1 

0.33 

ST01 

M:108610 

05S15W36CABD 

0.12 

15 

79200 

1.1 

0.12 

TU05 

M:  156238 

03S16W26ADAA 

0.30 

10 

52800 

1.1 

0.20 

*  Width  visually  estimated. 
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from  the  Ruby  ditch  were  analyzed  to  determine  if  a  relationship  exists  between 
flow  rate  and  loss  from  the  ditch.  Figure  10,  a  scatter  plot  of  flow  loss  versus  flow 
rate  at  the  ditch's  head  gate,  reveals  a  nearly  linear  relationship.  A  linear- 
regression  analysis  yields  the  following  predictive  equation  for  the  loss  rate: 

R  =  0.14Q-0.74  (2) 

where  R  is  the  loss  rate  (cfs/mile),  and  Q  is  the  upstream  flow  rate  (cfs). 

A  similar  analysis  was  performed  on  the  flow  data  collected  from  the  18  ditches 
monitored  by  MBMG  (see  table  5  and  figure  11).  The  large  scatter  evident  in  the 
data  may  reflect  the  variable  hydrogeology  across  the  study  area.  However,  after 
three  extraneous  points  are  removed  from  the  data  set,  a  linear  regression  yields 
an  equation  remarkably  similar  to  that  for  the  Ruby  ditch: 

R  =  0.170-0.39  (3) 

Water  loss  from  an  unlined  ditch  typically  results  from  ET  and/or  leakage  through 
the  bed  materials  into  the  ground-water  system.  For  the  Big  Hole  basin,  the  ET 
component  of  R  appears  to  be  minor.  Figure  12,  a  plot  of  R  from  the  Ruby  ditch 
vs.  time  (one  irrigation  seaon),  shows  that  R  tends  to  be  greatest  during  late  May 
and  early  June  when  ET  is  just  beginning  to  increase.  During  July  and  August, 
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when  ET  should  be  close  to  maximum,  the  data  show  that  the  ditch  is  actually 
gaining  water.  Because  R  appears  to  represent  leakage,  equations  2  and  3  are 
valuable  for  modeling  aquifer  recharge  from  surface-water  diversions  in  the 
basin. 

EVALUATION  OF  GW/SW  INTERACTIONS 

Return  Flows  from  Irrigation:  The  data  gathered  during  this  investigation 
indicate  that  return  flows  from  flood  irrigation  and  stock  watering  contribute 
significantly  to  the  recharge  of  the  basin's  near-surface  aquifer.  As  discussed  in 
the  previous  section,  average  loss  rates  from  diversions  are  between  0.5  and  1 
cfs/mile.  Much  of  this  water  enters  the  ground-water  system,  where  it 
presumably  helps  maintain  higher  than  normal  discharge  rates  to  the  surface- 
water  system.  Data  collected  from  well  M:  1086 10  on  a  ridge  that  is  about  a 
quarter  mile  from  Governor  Creek  suggest  that  discharge  to  the  surface-water 
system  may  be  affected  for  more  than  two  months.  At  other  locations,  the  effect 
is  likely  to  be  shorter  or  longer,  depending  on  aquifer  characteristics  and 
distance  to  discharge  areas. 

The  magnitude  of  the  increase  in  ground-water  discharge  is  another  unknown.  A 
higher  water  table  during  the  late  summer  may  result  in  increased  ET  losses.  If 
the  increase  in  ET  is  great  enough,  the  benefit  of  return  flows  may  be  lost. 
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stock  Well  Use:  Increased  use  of  stock  wells  in  the  upper  Big  Hole  basin  is 
unlikely  to  have  a  detrimental  impact  on  ground-water  discharge  to  surface 
drainages  during  the  summer.  A  distance-drawdown  curve  calculated  with 
transmissivity  equal  to  500  ft^/day  (approximate  average  for  the  near-surface 
aquifer,  Levings  1986)  shows  that  a  well  pumped  at  10  gpm  continuously  for  60 
days  only  affects  the  aquifer  within  several  hundred  feet  of  the  well  (figure  13). 
Therefore,  if  such  a  well  is  placed  close  to  a  ground-water  discharge  area  along 
a  surface  drainage,  only  a  small  portion  of  the  discharge  area  is  likely  to  be 
influenced  by  the  well. 


CONCLUSIONS 

A  gw/sw  water  interaction  study  was  conducted  in  the  upper  Big  Hole  basin  of 
southwest  Montana  from  July  1995  through  October  1996.  The  purpose  of  the 
study  was  to  address  concerns  about  possible  changes  in  surface  and  ground- 
water management.  Objectives  included  obtaining  aquifer  characteristic  data, 
estimating  water  loss  along  surface-water  diversions,  and  gathering  other 
information  to  further  the  understanding  of  the  basin's  hydrology. 

Most  wells  in  the  basin  are  completed  in  Tertiary  and  Quaternary  sediment. 
Aquifer  tests  at  five  locations  yielded  hydraulic  conductivity  estimates  ranging 
from  0.02  to  1.1  ft/day,  reflecting  the  large  degree  of  variability  within  hydrologic 
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formations.  A  potentiometric  surface  map  (plate  1)  shows  that  ground-water  flow 
in  the  basin  is  generally  toward  the  Big  Hole  River,  with  another  component  of 
flow  northward.  At  the  north  end  of  the  basin,  all  ground-water  flow  is  toward  the 
river. 

On  the  average,  ground-water  levels  across  the  basin  rose  2.3  ft  between  mid- 
May  and  mid-June  1996.  Between  June  and  July,  water  levels  declined  about 
0.3  ft.  After  July,  levels  dropped  sharply,  approaching  those  observed  in  May.  At 
a  number  of  locations,  larger  than  average  water-level  rises  and  declines  were 
associated  with  flood  irrigation  and/or  use  of  nearby  ditches. 

Flow  losses  along  18  surface-water  diversions  were  found  to  average  about  0.6 
cfs/mile.  The  Ruby  ditch,  equipped  with  continuous  recorders  by  the  USBR,  had 
an  average  loss  of  0.8  cfs/mile  (period  May-August  1994).  Flow  losses 
calculated  for  four  ditches  using  the  Darcy  equation  ranged  from  0.1  to  0.3 
cfs/mile.  Scatter  plots  of  flow  loss  vs.  upstream  flow  rate  for  the  18  ditches  and 
the  Ruby  ditch  were  found  to  have  similar  linear  trends.  Predictive  flow-loss 
equations  were  derived  and  will  be  valuable  for  modeling  aquifer  recharge  from 
surface-water  diversions  in  the  basin. 

Flow  loss  and  water-level  data  indicate  that  flood  irrigation  and  surface-water 
diversion  contribute  significantly  to  the  recharge  of  the  basin's  near-surface 
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aquifer.  At  one  well  location  (M:108610),  ground-water  levels  rose  17  ft  at  the 
beginning  of  the  1996  irrigation  season.  Enhanced  recharge  such  as  this 
probably  improves  ground-water  discharge  to  the  surface-water  system  for  a 
period  of  time  following  the  irrigation  season.  Data  collected  during  the  study 
suggest  that  the  effect  could  be  as  long  as  two  months  or  as  short  as  several 
days.  Distance-drawdown  calculations  indicate  that  increased  use  of  stock  wells 
is  unlikely  to  have  a  detrimental  impact  on  ground-water  discharge  to  the  basin's 
surface-water  system. 


RECOMMENDATIONS  FOR  FUTURE  WORK 

To  adequately  characterize  gw/sw  interactions  and  the  effects  of  return  flows  in 
the  upper  Big  Hole  basin,  several  data  gaps  need  to  be  filled.  First,  additional 
hydraulic  conductivity  and  transmissivity  data  are  needed  to  characterize  the 
basin  aquifer's  flow  rates  and  timing  of  return  flows.  Secondly,  additional  gaging 
stations  are  needed  along  the  main  stem  of  the  river  and  select  tributaries  to 
relate  ground-water  fluctuations  and  return  flows  to  stream  discharge  rates. 
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APPENDIX  A: 

WELLS  INVENTORIED  IN  THE  UPPER  BIG  HOLE  BASIN,  1996, 

LIST  OF  WELLS  BY  SORTED  BY  LEGAL  DESCRIPTION, 

AND 
EXPLANATION  OF  TOWNSHIP-RANGE-SECTION-TRACT 


40 


o  s 
5  = 

Q.  e 
»  > 
Q  > 


si 


• « 


o  o  o 

I-  I-  I- 

(/)  U5  03 

UJ  UJ  UJ 

S  Z  £ 

o  o  o 

Q  O  Q 


z  o  z 

O  p  o 
p  w  p 


O   £1 

£    1. 

a  5 


III 

HO*' 

s°- 1 

s     - 

UJ 


•    5 

<3 


<o  -o 

•*  3 

<n  o 
O 


CN     I    o  u>  o 


to    (P  <p  (P  (O 

O)    O)  ^  CI  c> 

S  '^  S  oi  r5 

S  Ci  C  S  C! 

in  at  yn 


Q  t-  m  ui  ^ 

h*  CO    0>  (O  *~ 

o  »-  CO  r^  CM 

a>  CO  »-  ^  ^ 

in  CD  CO  to 


CO  <J>  o  m  u> 


o  o  o  o  to 

O  l/j  CO  CCi  CD 

(M  CM  en  r-  <N 

C»  CO  «-  >-  ^ 

lO  CD  CO  (D  CD 


» 

n 

E 

3 

z 
s 

o 

N 

a 

M 

o 


> 

C 


I 

< 

K 

c 

Q. 
< 


0(0    0)10(0 

(D  CO  tr  (O  CO 


a>  o  T-  o  o 

o  eo  <p  ^  csi 

(O    CM  OJ  o  ^ 

So  o  o>  o 

(O  <o  m  u> 


o  u 
o  o 

W   CO 


O    OJ    Oi      I     h- 


■»-        5  5 


o  CM  o  o  ai 

d  CO  ^  «6  lo 

So  oo  v>  r> 

o  en  en  o 

(O   (D  lO  u)  <o 


^  ^  ^ 

o  o  o 

o  o  o 


o  o 

W  (O 

UJ  UJ 

o  o 


o  CN  to  r*  CO 

^    (O    <0    CO 


S(p  (p  (O 

O)  O)  o 

<3>    OO  OO  (O 

C  u?  tn  u) 


I     CM  CM  (A  '^ 

00  ^  CO  o 

m  r^  T-  <o 

o  o  ^  »- 

to  to  (O  CO 


o  o 
o  o 


<     CO 


to  to  to  to 


V  CO  lO  o>  o 

^  CM  O  lO  CM 

CM  ^  u)  o  m 

CM  CO  CO  CO  CM 

CO  CO  CO  to  CO 


O  to    Q    O 

t3  d   Z   Z 

to  CO 

O  '- 

to  to 


o  o  o  ^  o 

r-  to  CO  ^  r- 

-     O  T-  C3>  O 

to  to  (O  to 


tU   UJ 


Q    ^  Q    O  O 

Z  CO  Z  d  CNJ 

»-  r-  to 

O  C»  O 

(O  U)  to 


O  CO  to  o  ^ 

to  ^-  o  r^  vo 

^  O  O  tJJ  o 

to  CD  to  to  to 


LU  UJ  UJ 

^  ^  ^ 

Q  Q  O 

3  3  3 

£  S  S 


CO  CO  CJ)  1^  r*- 

co  m  CM  CO  o 

ir  eo  to  CM  r^ 

CM  «-  CM  CM  CM 

to  CO  CO  to  to 


«.  ^  CO  CO  1^ 

^  CO  ■»-  CM  CM 

CD  r><-  CO  to  o) 

CM  CM  CM  CM  CM 

CO  O  to  CO  to 


tJ>  ^  r^  ▼-  r»* 

lO  CO  to  lO  (M 

-«»  lO  lO  T-  CNl 

^  ^  to  to  CM 

to  to  to  lO  lO 

^  'fl-  ^  ^  ^ 


<  < 

o  < 

<  O 
to  to 


o 

o  m  o 

Q  O  < 

O  CD  < 

<  O  CD 

CO  O  C7> 

ill 

'^  to  to 


o  o  o  o  o 


r*  CM  c»  o  1^ 

r^  <o  o  »-  CO 

<7>  C7>  O  O  O 

OO  00  o>  O)  o> 


to  to  <J>  »-  o 
*-  n^  ^  ^  CM 

CM    CJ>    1^     ^    to 


Q  S  5 

<  Q  < 
Q  D  Q 

<  O  Q 
to  to 


lO  ^  tn  ■^  to 

0)  Z  Z  03 

to  *-  *-  '- 

O  O  O  o 


to    t7>  CM  to  CO 

S^  to  C3>  en 

CO  OO  t-  ^ 

o>    OO  OO  h>  h> 

^  ^  o  o 


OOii^ZOit^O 

ppooopop 

cocoOOpoiOw 
luuJ^~^~«ruJ^TUJ 


UJ    UJ 

o  o 

Q   Q 


to  to  o 
to  to   <J> 


O  p  05  O  w 
^-  «r  UJ  ^*  UJ 
w  5  2  w  5 

;?  o      o 

a 


UJ  UJ 

o  o  o  o  a> 

csi  T-'  CO  to  CO 

^    ^    to  CO  *- 

*—    ^-    CO  to  to 

to  to  to  (O  to 


to  to  OJ  o 


Q    "^  OO  O)  to 

Z     -^  (T>  '-^  <J) 

CD  r*  -v  CO 

o  O  «-  '- 

to  to  to  CO 


CO    CM    O  O  CO 

Sr*.  ^  CO 

r-  ^  ^ 

to    to    to  to  CO 


s  s  s  s  s 

o  o  o  o  o 

Q  o  o  o  o 

«  CO  CO  CO  CO 


to   en   Q   Q   O 

d    ^    Z    Z    CM 
to    to  CO 


Sep  to  (O 

o>  o>  O) 

^  N  c^  c^ 

^    ^  JM  W 

to    to  to  lO 


u. 

tn  CO  ^  ^-  o 
o>  ^  oo  to  o* 

f-  ^  CM  CM  *- 
CO  CO  ^  ■<*  ^ 
to    to   CO    to 


r<»  00  oo  CO 


^  CM  ^  CD    Q 

r^  CO  to  (b  Z 

CM  to  CM  CM 

to  CO  to  -q- 

<D  to  to  to 


o  00  en  to  to 

to  to  O  CM  to 

to  to  r^  r^  to 

CM  CM  CM  Cvj  CM 

CO  to  <0  CO  CO 


to  o  to  o  •- 

to  to  ^  to  to 
CD  to  to  CM  r- 


o  o 

<  <  O  CD 

D  O  <  £D 

Q  Q  O  < 

O  O  CD  < 

en  o  to  CM 


o  o  o  o  o 


■»-  CM  CM  CM  ■^ 

r>«  r-  r..  h.  r>> 
o  o  o  o  o 


O  f*-  0>  to  CO 

CM  T-  to  O  ▼- 

r*  to  to  ^  CO 

CO  CO  to  to  to 

to  to  lO  lO  to 

■^  -v  ■»  ^ 


o  o  o  o  o 

to  to  1-  ^  CD 

*-  T-  in  to  CO 

to  to  to  to  to 


O  O  CO  o  to 

CM  CM  to  O  O 

r*-  r-  to  h-  en 

CM  CM  CO  CO  CM 

to  to  CO  CO  CO 


CO  CO  CM  ^  O 

CM  CM  CM  tM  O 

CO  to  ^  *-  to 

CO  CO  CO  to  tM 

to  to  to  tn  to 

T  -f  -^  ^  ^ 


p  O  O  O  O 

K  t-  I-  t- 

(/)  (O  CO  C/3  (/) 

Ul  UJ  UJ  UJ  UJ 

s  5  s  5 

o  o  o  o  o 

O  Q  Q  O  Q 


o  »n  en  ^  o 
»-  r^  CO  ^  CO 


r^  to  r^ 
CM  y  CM 
to  to    to 


r-  CM  o  r^  I 
d  CM  ■^  ■^ 


CO  to  to  n  < 

to  oo  h*  CO  2 

to  oci    r^ 

CM  »- 


to  O  Q  O  Q 

to  ^  Z  en  Z 

to  O     CN 

CO  ^    ^ 

to  CD     to 


it:  Q  O  ^  O  O 

O  U)  p  O  K  P 

o  w  CO  o  <;;  CO 

^  ^  iii  ^  UJ  ill 

*^  ^  2  '^  2  2 

O  O  O 


•-  to  o  to  to  r- 
to  CO  CM  ^  <n  to 

CM       CM 


o>  gi  d) 

CO  rS  o 

£^  J^  CM 

to  to  (D 


to 


q:  UJ  UJ 

«-  r^  Qo  o  o  ro 

CO  d  to  ^  d  c» 

^  to  o  to  to  to 

to  to  to  »-  ▼-  r^ 

to  to  to  to  ID  to 


to  CM  to  to  en 

CM  CD  CM  CM  ^ 

CO  to  to  ^  CO 

to  to  to  tO  to 


X  X  I  X  I 

o  o  o  o  o 
^  z  z  z  ^ 

o  2  S  2  o 
332'" 

X  X 

o  o 

X  X 


o  "it  to  Q  tn 

CM  CM  lO  ^  to 

00  -^  to  t3  to 

CM  to  CO  CO  CM 

to  CO  CO  CO  CO 


X  X  X  X 

O  O  O  O  O 

-J  -J  -J  _i  <0 

3  3  3  Z)  2 

O  O  O  O  O 

X  X  X  X  < 

o  o  o  o 


en  to  CO  (3>  h> 

So  CO  to  o 

CO  to  eo  to 

CM    CM  CM  CM  CM 

to    CO  to  o  ^ 


CM  00  en  <r-  ^ 

^  r^  r^  00  flo 

to  to  CO  to  to 

r-  r-  r-  I*-  t^ 

o  o  o  o  o 


to  tn  tn  o  to 

00  to  O)  o  ^ 

CO  to  to  r^  CM 

r^  r-  r-  h.  CD 

o  o  o  o  o 


*-  *-  to  CD  *- 

o  to  ^  o  ^ 

CO  o  o  to  tr> 

CM  CO  CO  CM  (N 

to  to  to  to  to 

^  n  ^  -^  -^ 


O  O  Q  <  CD 

O  O  <  Q  O 

Q  O  <  Q  Q 

o  m  o  o  CD 

CM  CO  to  to  CO 


to   to  CO  to  to 

CO   0}  ^  ^  CO 

S^  ^  <»■  to 

o  o  o  o 


to  h-  *-  ^  CO 

^  ^  to  lO  to 

CM  CM  CM  CM  tn 

CO  to  CO  to  CD 

o  o  o  o  o 


(M    CM    CM    CM    CM 

to  to  to  to   to 

■V     ^     ^     -V     ^ 


Q  <  CD  <  < 

<  Q  O  CD  < 

Q  O  O  <  O 

CD  O  O  CD  O 

lo  o  T-  r^  r^ 

iiiiS 

to  to  to  to  to 


o  o  o  o  o 


to  O  CO  to  CD 

<D  en  en  tn  o 

lO  to  to  to  to 

<D  OO  OO  OO  cO 

O  O  O  O  O 


O  1*^  00  Q  Q  CO 

^  1^  to  Z  Z  CD 

CM  CD  eo  CM 

to  tn  r^  CO 

CO  CD  CO  CO 


o  to  o  en  o  lo 

CM  to  "T  eo  C»  CM 

to  tn  r^  •-  *-  <o 

CD  to  to  to  to  to 


a 
Q. 


z  z  z 

o  o  o 

CO  CO  CO 

^  ^  ic 

o  o  o 

<  <  < 


X  X  z 

o  o  o 

Z  Z  CO 

9^ 


CM  lo  to  ^  -^  tn 

^  O  CM  CM  ■^  to 

CO  -^  en  o  •-  r>* 

CM  CM  CM  CO  CO  CM 

CO  eo  eo  eo  CO  CO 


^  o  00  CO  ^  tn 

T-  T-  CO  ^  ▼-  lO 

CM  ^  en  to  CM  to 

CM  CM  ^  to  CO  »- 

to  tn  to  tn  to  to 

^  ^  ^  ^  'V  V 


o 

Q  Q  CD  <  O  CD 

<  CD  <f  <  O  O 
a  <  <  O  L>  < 

<  O  O  O  O  O 
en  CO  r-  o>  tn  tn 

tn  in  tn  tn  to  tn 

CO  CO  CO  CO  CO  CO 

tn  tn  to  CO  CO  to 

o  o  o  o  o  o 


f^  O  CO  O  ^  fO 

O  »-  O  CM  CM  CM 

to  to  ♦-  O  o  ^ 

CO  to  o  o  o  ▼- 

O  O  O  CM  CM  CM 


41 


» 

E 


o 
« 

IS 
«s 

•D 

£• 
o 

c 
« 

> 
e 


I 
< 

K 
"O 
C 

& 

a 
< 


o  £■ 


>  111 


sg 

•  ■ 

o)      £ 
lil 

*     a 
-I 

S  CO  £ 


■n  "O 
•^  3 

M  O 

o 

10 

3 


i: 


o  o 

O  O  i^ 

O  O  Q  O  O 

O  ^ 

s<:  o  o 

^  O 

O  ^ 

^ 

^ 

^ 

^ 

^ 

O 

O 

O 

^ 

O 

O 

O  O 

O 

O 

O 

O 

O 

o 

o 

O  O 

1-  t- 

•=    •=    R 

P  P  gJ  P  P 

S8 

^  •=  •= 

P   (O   CO 

8^ 

VA  H 

O 

o 

o 

8 

O 

o 

O 

o 

1- 

1- 

1- 

8 

Ul 

K 

P 

1- 

UJ 

UJ 

H 

1- 

y- 

t- 

\- 

P  P 

M   W 

</>  <n  p 

</>  (0  <2  (0  CO 

U3  P 

co 

co 

(O 

to 

CO 

to 

eo 

to 

to 

lO 

co 

</> 

(O 

(/> 

to  CO 

UJ   UJ 

UJ    UJ   t" 

UJ   UJ    -^   UJ   UJ 

lij  h; 

(-    UJ   UJ 

fc  lij 

3   H 

H 

1- 

t- 

t— 

K 

UJ 

UJ 

UJ 

►- 

3 

UJ 

UJ 

UJ 

D 

3 

UJ 

Ul 

UJ 

UJ 

Ul 

UJ   Ul 

S  2 

5  2  w 

Z  Z  ^  £  S 

§8    §§ 

s  <" 

<o  5  2 

CO  5 

2   CO 

3 

co 

co 

(/) 

</> 

to 

Z 

S 

Z 

CO 

2 
3 

Z 

Z 

Z 

Z 
3 

2 
3 

Z 

z 

S 

s 

Z  Z 

§§ 

§8 

8 

§8 

8 

8 

8 

8 

O 

o 

O 
Q 

o 
o 

p 

88 

8 

8 

o  o 

Q  Q 

(O  m 

o  c>i  in 

o>    Cj    It 

CO  ir>  (*)  o>  to 

CO  N 

(O    O    CM 

3    CM 

O    CD 

in 

^ 

tn 

in 

■<r 

m 

r- 

at 

CO 

CO 

a 

00 

CO 

o 

o 

3 

^ 

CO 

m 

CM 

o  to 

(O    N 

CM   O*   lO    o    o 

Ol    <D    CO 

O    CO 

•o 

o 

<o 

r- 

in 

co 

<o 

CM 

OO 

CO 

in 

CM 

CM 

to    CM 

CO    »- 

CM 

CM 

(D   to 

'$$ 

$S$$  ' 

s$$ss 

$      ' 

m  CO  CD 
2>  *  * 

$ 

CO 

s 

s 

$ 

CO 

to 
a> 

CD 

* 

1 

« 

2 

s 

S 

$ 

s 

CO 

S 

S    $ 

~^  -^ 

^  c^ 

-^    --.    "^    -^ 

-«»—..—«. 

C^ 

— 

—» 

■^^ 

c^ 

•-- 

■^ 

-— 

1-    o>    T-    ^ 

0)  n  « 

O    o 

CD 

OO 

^ 

Oi 

o> 

OO 

OO 

OO 

en 

£ 

^     CO 

5  5 

in  £^ 

04  :::  <N  cj 

S  55 

lo  C*  S 

e 

CM    CM 

55 

s 

£^ 

CM 

S 

CM 

C! 

5 

C! 

0 

O 

CJ 

55 

55 

55 

55 

55 

in 

£i! 

in 

in  in 

in  to 

Ul 

m  <o  V)  to 

0^  ill 

in 

li. 

UJ 

CO       tQ 

a 

u. 

UJ 

£ 

in 

in 

in 

in 
u. 

in 

in 

CO 

r-  o 

in  ^  o> 

O  lO  m  <o  *- 

CM    CO 

CO    0>    CO 

r^  o 

o  o> 

r~ 

in 

CO 

O 

CO 

in 

o 

a> 

in 

o 

CM 

to 

r«- 

to 

■« 

o 

CN 

a> 

CO 

CM 

■^r  CO 

§§ 

to   d  h-' 

oi  vo  od  ^  oi 

d  ai 

lf>    ^     r-: 

iri  d 

6  ■» 

CO 

CO 

CO 

CM 

d 

CD 

■<T 

ci 

in 

d 

d 

o> 

ih 

in 

to 

d 

r> 

CM 

d 

at 

■r^    d 

r-  CO  O) 
o  »-   »- 

to  '-  o  r*-  1^ 
(A   o>   o   o   o 

SS 

(J>    CM    *- 

t-  r^   T- 

m  CO 

(D    CO 

en   T- 

s 

s 

CM 
O 

s 

CD 

O 

CO 

s 

«o 

OO 

OO 

CO 

CO 

o 

SS 

s 

s 

o 

1^ 
o 

•<r  CM 

<o  (O 

<o  lO  <o 

m  m  CO  u>  (D 

(O    (D 

CO    CO    (D 

in  CD 

CO 

CD 

CD 

in 

CD 

CD 

CO 

in 

to 

e 

to 

in 

to 

to 

ID 

CO 

(0 

CD 

CO 

5  5 

o  o 

in  eo  T 

O    <0    O    (0    (O 

53 

^    -^    CsJ 

Ol   o 

O    CM 

•<r 

OO 

1^ 

in 

CM 

a> 

r^ 

CN| 

OO 

o 

o 

to 

CO 

to 

to 

CM 

CO 

■^ 

00 

at  CM 

CO    CM 

<o  o  <» 

O    1^    U5    ^    ^ 

^  ^  o 

CO   ^ 

■» 

CO 

^ 

OO 

•" 

in 

■^ 

a> 

»- 

o 

^ 

o> 

in 

in 

tb 

■<r 

at 

od 

CM 

in 

^  ^ 

^  csi 

CM  r*  eo 

CO    V   o 

13  in 

^  ir  in 

iri 

a 

ai 

CO 

OO 

CM 

CO 

^ 

■^ 

in 

co> 

Oi 

to 

d 

r^ 

CO 

r^ 

oi  ^ 

in  •- 

■» 

^ 

CM 

CO 

CO 

•^ 

a> 

01 

00 

m  CM 

Q    CM    OO 

o  (o  o  rt  o 

•-  o 

O    CO    CO 

lO    Q 

Q    CO 

CO 

in 

o 

CO 

o 

o 

o 

<D 

o 

o 

CD 

o 

CM 

o 

CO 

CM 

CO 

in 

CO 

CO  m 

^    <D 

Z  r^  to 

d  d  a>  o  Z 

^'  in 

r^:    «D    CD 

^  Z 

2   1-^ 

a> 

00 

Csi 

r- 

OJ 

d 

a> 

in 

ci 

o 

CM 

CD 

^ 

CM 

d 

^ 

^ 

«-- 

CO 

CO 

CO    ^ 

gs 

<0    r- 

r*-  CM  5"  CM 
o>  a>  o  «- 

in  in 

0>    CD    t- 

CD 

0) 

t 

r- 

s 

r^ 

CM 

CD 

CO 

s 

o 

00 

OO 

CM 

g  Tf 

in 

in 

in 

in 

CD 

CO 

CO    -^ 

y-    CM 

o  o 

T-  r^  ▼- 

3 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

<o  CO 

<o  O 

tf)    lO    tf>    CD 

CD    CD 

CD    CO    CO 

ID 

CO 

CO 

CO 

to 

CD 

(D 

CD 

CD 

CD 

to 

to 

CO 

to 

ID 

CD 

to 

CD 

5 

CO 

CO    CO 

O    lO 

o  in  in 

o  o  m  o  (M 

o  in 

m  ^  m 
en  CD  «- 

o  o 

o  m 

CO 

r^ 

in 

O 

ID 

1^ 

in 

o 

o 

in 

in 

o 

O 

o 

o 

O 

in 

in 

in  o 

h-    ^ 

O   CO    *- 

r^  oi  in  CM  CM 

in  in 

CD    03 

T-    O) 

r* 

h- 

I-- 

CM 

in 

CO 

s 

o 

CD 

o 

CM 

CO 

^ 

in 

in 

m 

in 

CD 

CO 

CD    <«■ 

O    O 

*-    »-    CM 

o>  o»  o  ■«-  '- 

o  o 

«-  h-  •- 

3    CD 

o»  ^ 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

<o   O) 

CD    to   CO 

lo  m  u>  (O  (O 

CO    CD 

CO    CO    CO 

in  CO 

CO 

CO 

to 

to 

CO 

CD 

CO 

CD 

ID 

O 

CD 

5 

CO 

to 

to 

to 

CD 

CD 

KD 

CD 

CO    CO 

J  5 

^  ■s  ■s 

UJ-.UJUJUJ 

UJ  5 

5t  r  I 

I    X 

n 

Ul   < 
2   K 
E  13 

z 

_) 

-1 

O 
O 

I 

o 

CO 

S 

UJ 

5 

s 

Ul 

UJ 

-I 

— i 

—J 

UJ 

Ul 

UJ 

UJ 

UJ 

5 

5 

5 

S  2 

SCHOC 
WISDOI 
ALROC 
WISDOI 
WISDOI 

Q  z  ir  o:  cr 

3   ^   UJ   UJ   UJ 

rf  o  O  o  O 

■S    Q    Q    (0    2 

-^  CO  w  ^  «< 
Q   5   5  O   £ 
3  5  S  <  r, 

o  o 

§ 

o 

CO 

i 

o 
CO 

O 

o 

CO 

a 

3 

O 

o 

CO 

O 
□ 
CO 

11 

<£.  a 

Ul   3 

o  o 

0  o 

1  I 
o  o 

CO  CO 

o 

O 

X 

o 

CO 

^  ^  ^  ^ 

a  o  o  o 

3   3   3  3 

3 
a 

3 

8 

to 

8 

to 

8 

(O 

88 

CO  to 

OT 

U) 

^  Q-  -J  -i  — i 
*         H   K   l- 

z  z  z 

Q.  0.  0. 

s 

z 

CO 

CO 

CO 

s 

-1 

0. 

S 

CO 

to 

to 

z 

z 

Z 

Z 

Z 

2 

o 

OQ 

2 

o 

X 

55 

3 

I 

z 

s 

2 

s 

z 
o 

CD 

2 

2 

CD 

2 

s 

CD 

g 

o 

o 

CD 

CO 

CD 

CO 

CD 

CD 

O 

I 

I 

o 

O 

O 

O  o 

o 

r^  r^ 

*-  in  o 

i^  'ir  f^  CM  ^ 

CM  in 

^  a>  00 

CO  r- 

CO    CM 

CM 

CM 

V 

*«■ 

in 

CO 

<c 

o 

r- 

in 

m 

^ 

00 

CM 

^ 

Oi 

ID 

tn 

f- 

C!S 

n  S 

▼-    OJ    CM 

•-    CM    CM    ^    ^ 

t^  »-  ■«  c6  CO 

^    CO 

^  *-  X- 

O    CO 

in 

O 

O 

CN 

o 

CM 

CM 

CM 

in 

^ 

■V 

m 

s 

•a- 

^ 

CO 

m 

CM    CO    CO 

C3>    CD 

o)  r-  c^i 

O    "- 

0>    CM 

o 

o 

cn 

ID 

■^ 

CD 

■» 

0 

s 

^ 

lO 

S 

r^ 

5 

d>  ID 

-^ 

CO 

to  to 

CO    CM 

CM    CN    CM 

CM    CM    CM    CM    CM 

CM    CM 

CM    CNi    CO 

CO    CO 

>-    CO 

CO 

CO 

CO 

CN 

CM 

CM 

Ol 

CM 

CM 

CO 

r> 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM    CM 

n  n 

CO    CO    CO 

CO    CO    CO    CO    CO 

CO    CO 

(O    CO    CO 

♦-   ^-   ^- 

CO    CO 

CO    CO 

CO 

CO 

CO 

CO 

to 

CO 

CO 

to 

CO 

to 

CO 

CO 

CO 

to 

to 

CO 

CO 

CO 

to 

CO 

CO    fO 

ss 

^  in  CO 

00  CO  K  in  CO 

■«■  o> 

■V  «  t^ 

r^  CM 

o  r^ 

CO 

CO 

OO 

o 

V 

CD 

O 

in 

o 

flO 

OO 

to 

? 

r^ 

in 

•<r 

r^ 

s 

in  o 

CM    CM    O 

CO  CM  ^  in  in 

CM    CO    CO    (O    CD 

•O-    CM 

^    CM    ■<»• 

CO    CM 

•>T  m 

in 

^ 

CO 

CM 

in 

in 

o 

o 

in 

n 

m 

in 

in 

o  o 

CM  r^ 

5  <o  o 

in  in  in 
««•  V  ■« 

r*-  r^ 

O    f^    CO 

■«    O) 

«    CM 

OO 

CD 

o 

CO 

o 

CD 

to 

CM 

■c 

■a- 

CM 

00 

r^ 

C^ 

r- 

r^ 

r- 

to 

ID 

SS 

in  in 

S  in 

in  S  in  in  in 

CO    CO 

in  in 

CO    ^    CO 

u>  tn  m 
^  ^  ^ 

CM    CM 

in  in 

3  in 

CO 

CO 

in 

in 

CO 

in 

3 

CO 

in 

CO 

in 

3 

in 

3 

3 

3 

to 
in 

CO 

in 

CO 

in 

CO 

in 

CO 

5 

to 
in 

CO 

in 

CO 

in 

CM 

CM 

o 

o        o 

o 

o 

o 

5 

O 

O 

o 

O  Q 

moo 

CD  U  m  O  < 

03   CD 

O   CD   < 
O  <   < 

o  < 

Q   < 

o 

CD 

O 

O 

CD 

O 

Q 

O 

o 

o 

o 

< 

O 

O 

ID 

5 

O 

< 

CO 

< 

<   CD 

Q  O 

o  o  < 

O  O  O  U  CD 

<   < 

o  2 

<  Q 

<  m 

O  O 

CD 

^ 

< 

O 

< 

O 

< 

< 

o 

CJ 

o 

CD 

o 

< 

< 

CD 

O 

m 

Q  < 

CD  u 

<  <  a 

<  <   CD 

CD  <  Q  m  o 

m  03  o 

S5 

Q 

CD 

o 

o 

m 

<f 

a 

o 

Q 

Q 

o 

Q 

o 

o 

O 

OO 

00 

O 

< 

< 

<    CD 

O  ID 

<    O    <    CD    (D 

CO  in  CM  CO  CO 

C7>    ol 

O   CQ   O 

O   ID 

< 

^ 

o 

o 

a 

tf 

a 

s 

O 

< 

< 

S    ** 

o 

o 

o 

Q 

00 

Q 

m 

Q  < 

mom 

(^    CO 

1^    CD 

•« 

r^ 

CM 

o 

a 

a> 

CM 

CO 

en 

o 

o 

in 

•-  o 

1  i 

ill 

Ui 

1   § 

uu 

§ 

i 

i 

1 

i 

i 

i 

i 

i 

1 

11 

<0  in 

^  in  in 

U)  ^  in  in  in 

!n  in 

tn  in  CO 

in  CD 

?  " 

CD 

ID 

CD 

in 

in 

in 

in 

in 

in 

CO 

£ 

to 

in 

in 

in 

in 

in 

In 

in 

in 

in  in 

5)  55 

CO  (O  cfl 

OT  OT  CO  (0  CO 

OT  ui 

CO  «  W 

CO  U) 

Z   U) 

w 

« 

CO 

CO 

W 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

uJ 

« 

W 

In 

U) 

w 

tn 

CO 

M  </) 

^    CM 

o  o  S 

CM    CM 

383 

in  ^ 
o  S 

•-    CO 

CM 

CM 

CM 

CM 

CM 

CO 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

to 

CO    CO 

O    O 

o  o  o  o  o 

o  o 

o  o 

o 

O 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o  o 

(0    ^ 

CO    CO    CM 

O    »-    CM    CO    ^ 

o    *- 

a>  CO  ^ 

in  ^ 

O)    •^ 

o 

^ 

CM 

to 

CM 

CO 

^ 

CM 

CO 

^ 

in 

r- 

ID 

o 

^ 

CM 

to 

in 

s 

o> 

o  *- 

o)  in 

"-  •.-  n 

O    CM    CO    CO    CO 

ss 

CO   to    o 

CO    o 

S  "^ 

0> 

OS 

a> 

en 

en 

o> 

cn 

o 

o 

o 

o 

o 

o 

o  »- 

•-    CM    CM 

1-    CO    CO    CO    CO 

O    CO 

CM  in 

n 

CO 

CO 

CO 

■V 

■V 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM    CM 

Ol    Ol 

O    <o    ^ 

CM  CO  in  in  m 

in  in 

m  in  f^ 

r^  CO 

1    CM 

CO 

CO 

CO 

CO 

CO 

CO 

« 

CD 

CD 

CD 

CD 

(D 

(D 

to 

to 

to 

to 

CD 

CO 

to 

CO    CO 

CM    CN 

CO    CO    ^ 

•»■»•»■»•» 

•f    •>! 

V   ^  -v 

^   ^ 

Ul  in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

m  in 

n 


42 


a 

E 

3 


n 
•a 

o 
in 

a 

•o 

2 

c 
» 

> 
c 


I 

< 

•o 
c 

SL 

a 
< 


O  £• 

S5 


Si 

s 


s  lu 


£    I. 

a  5 


■  o  ^ 


•  s 
3  10  £ 

n 


c 
E 
>n  T3 

►^  3 

SO 

3 


■o    • 


3  c 


-"  t 


o  i£  i<: 

^ 

k: 

O 

iC  Q  O  O 

O 

o 

O 

O 

O 

^ 

O 

^ 

O 

^ 

Q 

O 

o 

Q 

O 

CJ 

^88 

8 

8 

LU 
(0 

O  UJ  C  fZ 

o  w  1;;  55 

1- 
co 

05 

CO 

1- 

8 

8 

CO 

O 
O 

LU 
03 

1- 
03 

LU 
CO 

0) 

03 

^  *:;  ^ 

t— 

h- 

3 

*"  ^  UJ  LU 

LU 

LU 

LU 

LU 

lU 

1- 

LU 

(- 

LU 

t— 

3 

LU 

LU 

O 

LU 

LU 

5  </)  CO 

CO 

<0 

Z 

<«  Z  2  2 
"§g 

Z 

S 

s 

s 

S 

co 

s 

(0 

S 

03 

Z 

s 

s 

z 

z 

2 

O 

o 

O 

o 

o 

o 

o 

o 

3 

o  o 

3 

o 

O 

Q 

Q 

O 

o 

a 

o 

Q 

Q 

a 

a 

Q 

Q 

m  o  (N 

oo 

o> 

1^ 

1  1  1  o 

1 

oo 

eo 

1 

flO 

o 

1 

CO 

1 

I 

1 

1 

1 

1 

1 

CM 

CN  r^  (D 

m 

CM 

r^ 

'   '  m 

CO 

ID 

fO 

(O 

CO 

(O  (D  (p 

O)  en  o> 

$ 

$ 

S  $  '  S 

$ 

$ 

^ 

$ 

s 

$$  s 

1 

1 

1 

1 

1 

$ 

1 

$ 

S  Si  S  ?3  ?) 

c^ 

%  c^   c^ 

Si  a  ?) 

?) 

CO 

?5 

Si 

g 

OT 

S  £^  C! 

CM 

CM 

CM 

■r-  CM     CM 

C! 

CM 

CM 

CM 

CN 

CM 

CM 

tM 

CM 

"^ 

^— 

■ — 

^.  ^.     — » 

— « 

-^ 

-^ 

•«-. 

^ 

— 

s^ 

m  in 

to 

in 

m 

u. 

m 
u. 

in 

U> 

in 
u. 

»n 

in 

in 
u. 

in 

« 

o  o>  a> 

CO 

o 

V- 

o  in  1  CO 

■* 

CM 

^ 

o 

^ 

CO 

o 

CM 

1 

1 

1 

1 

1 

O 

1 

o 

O)  r-;  <» 

S 

^ 

c6 

rt  CO    n 

lb 

ih 

^ 

to 

oi 

eo 

in 

CM 

CM 

to 

28a 

in 

in 

(O 

o 

CM 

CM 

to 

n 

CM 

CN 

to 

in 

CO 

CO 

in 

in 

in 

to 

CO 

<o  <o  (O 

(O 

<D 

to 

CO  (D     <0 

to 

CO 

to 

to 

CO 

CD 

to 

to 

CO 

CD 

m  m  t^ 

^  T-  CM 

CM 

CO 

1^ 
in 

O  «0  <  CM 

"^  2  oi 

to 

CO 

CO 

in 
o> 

CO 

CM 
CO 

in 

o 

CM 
CO 

i 

i 

III 

, 

eo 

■»  oo 

r*^ 

in 

r^ 

1^     CO 

C3 

^ 

h* 

oo 

o> 

o 

CM 

m 

CM 

U)  O  CM 

lO 

ID 

c 

O  O  o  eo 

o 

CN 

o 

o 

CO 

o 

o 

o 

Q 

Q 

Q 

Q 

Q 

in 

Q 

d  csi  (O 

^ 

r»^ 

in 

CM  CM  CD  in 

d 

eo 

CM 

d 

in 

CO 

in 

d 

z 

z 

Z 

Z 

2 

o 

2 

^ 

r^  T-  CM 

■^ 

in 

eo 

^  m  CM  o 
CO  to  to  in 

CM 

o 

fO 

CM 

CM 

r^ 

3 

CO 

^  CM  n 

CO 

CM 

to 

in 

to 

■V 

in 

in 

in 

to 

CO  CO  (O 

(0 

to 

to 

to  to  to  to 

CO 

to 

CO 

CO 

CO 

CO 

ID 

s 

CO 

to 

o  c»  o 

o 

in 

in 

o  o  o  in 

o 

r^ 

o 

3 

in 

o 

a> 

o 

r^ 

o 

r^ 

o 

CM 

r-  o  CM 

s 

in 

eo 

^  in  to  o 
CO  CO  CO  in 

CM 

CN 

CM 

CM 

r^ 

o 

CM 

eo 

1^ 

3 

r- 

eo 

«-  CM  n 

CM 

CO 

in 

CO 

s 

in 

in 

to 

O 

3 

CD  CO  to 

CO 

to 

CO 

CO  CO  to  to 

to 

to 

to 

to 

to 

to 

CD 

ID 

<D 

to 

to 

CD 

5 

<o 

5  S  5 

s 

I 

I 

I  I  I  X 

X 

X 

X 

Z 

z 

X 

2 

X 

lU 

LU 

lU 

LU 

2 

I 

X 

5 

n  o  n 

o 

O 

O 

o  o  o  o 

o 

O 

o 

o 

O 

o  o 

o 

^ 

X 

^ 

5< 

o 

o 

o 

WISDi 
WlSDi 
WISDI 

a 

C3 

z  z  z  z 

z 

—1 

-J 

2 

o 

o 

CO 

o 

33 

33 

ir  Q 

03 

o 

-I 
o 

2 

s 

g 

O 

Q  Q  Q  Q 

5 

o  o 

< 

-> 

< 

— > 

^ 

< 

-> 

o 

LU 

lU 

3 
2 

^ 

g 

O 

u. 

X 

X  X  X  I 

5 

li. 

u. 

5 

X 

z 
a. 

Z 
CL 

2 
Q. 

U. 

X 

O  C3  O  C3  O 

o 

CD 

X 

I  X  X  X 

X 

X 

"■  S  "" 

O)  (D  in 

<o 

to 

CO 

3501 
3506 
3428 
3653 

en 

CM 

CO 

« 

CO 

in 

O) 

in 

o 

3 

tn 

o> 

CM 

^ 

in 

r- 

CO 

in 

CO 

s 

CM 
CO 

S 

in 
in 

3 

rt 

CM 

s 

in 

3 

3 

in 
in 

CO 

S 

m 

CM 
CO 

CM  CM  CM 

CM 

CM 

CO 

CM 

CM 

CM 

CM 

CO 

CM 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

CO 

CM 

<0  CO  CO 

n 

lO 

CO 

CO  to  to  to 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

to 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

flO  (O  1^ 

in 

U) 

CO 

«  eo  r^  O) 
in  in  ^  in 

CM 

to 

CO 

a> 

CO 

o 

3 

to 

oo 

eo 

o 

CM 

CO 

•»  m  CM 

CM 

O 

CO 

S 

o 

CM 

CO 

(O 

in 

CO 

o 

m 

^ 

CM 

o 

CO 

T-   O   O 

o 

CD 

o  o  o  o 

o> 

m 

in 

CM 

to 

to 

r- 

oo 

t^ 

CO 

(D 

r)  CO  to 

CO 

CN 

<o 

to  CO  to  to 

CM 

CM 

CM 

CM 

CM 

CM 

to 

3 

^ 

3 

CO 

CN 

CM 

CO 

CO 

m  in  m 

in 

»o 

U) 

m  in  in  in 

in 

in 

in 

u-> 

m 

m 

in 

in 

in 

m 

m 

in 

in 

in 

■«•»■«■ 

•» 

■V 

^ 

^  ^  ^  ^ 

T 

•^r 

*» 

■^ 

■^ 

■^ 

^ 

TT 

CM 
O 

o 

o 

o 

■V 

o 

o 

■V 

5  o  ^ 

O 

rf 

^ 

O  Q  Q  O 

< 

a 

CD 

O 

rf 

O 

< 

< 

< 

o 

O 

O 

^ 

Q 

m 

Q 

CO 

rf 

(Q 

O  <  <  en 
O  Q  <  O 

CD 

< 

< 

rf 

O 

3  < 

m 

< 

Q 

< 

^ 

O 

m 

s 

CQ  O  ^ 

oa 

^ 

5 

< 

o 

^ 

o 

5 

o 

Q 

Q 

o 

(D 

O 

o 

^ 

O 

CQ 

o  m  < 

m 

(_) 

<  CO  Q  m 

03 

m 

^ 

CD 

^ 

s 

OD 

O 

Q 

s 

^ 

< 

m 

< 

to 

S  T  •»  m 

h- 

CO 

CO 

to 

in 

m 

S 

m 

§§555 

§ 

§  §  1  1 

§ 

i 

> 

S 

§ 

§ 

i 

i 

1 

1 

§ 

g 

in  in  m 

in 

«n 

CO 

to  to  to  to 

£ 

in 

In 

£n 

in 

to 

In 

to 

in 

in 

m 

in 

m 

m 

to 

in 

«  OT  OT 

OT 

W 

<n 

(0  CO  ui  (/} 

CO 

W 

OT 

W 

« 

03 

W 

00 

W 

03 

Z 

03 

w 

03 

w 

0) 

sssss 

SSSSS 

3 

in 
o 

S 

m 
o 

in 

o 

in 

o 

s 

CO 

o 

o 

o 

o 

S 

m 
o 

s 

CO 

o 

S 

CM  (O  (O 

r* 

CO 

Ol 

o  *-  H  " 

^ 

m 

to 

h- 

oo 

o> 

o 

oo 

CO 

3 

in 

CO 

r* 

eo 

CJl 

in 

sags 

CN 

CM 

CM 

CM 

CM 

CM 

CO 

CO 

to 

ID 

CD 

CO 

to 

to 

en 

CM  CM  CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

eo 

eo 

ID 

CO 

oo 

oo 

oo 

CO 

U>  U>  (O 

to 

CO 

CO 

to  to  lO  to 

CO 

CO 

to 

CD 

CO 

to 

CO 

to 

to 

<D 

ID 

CO 

CO 

to 

to 

h- 

U>  lO  lO 

in 

m 

in 

in  in  m  m 

m 

in 

in 

in 

m 

in 

in 

m 

in 

m 

lO 

in 

m 

m 

in 

m 

n 

I 


43 


b 

& 

*7 

c 

o 

■■■ 

** 

•^ 

o 

o 

o 

c 

U) 

o 

1 

41^ 

0) 

c 

C) 

n 

c 

Q. 
X 

(0 

UJ 

1 

a 

M 


UJ 
CM 

UJ 

on 

Nvia 

U3Vi 

IVdIO 

Nldd 

CM 

/  UJ 

a: 

/ 

z 
_J 

UJ 

^ 

s 

CD 

<D 

< 

Q 

S 

T- 

c 

c 

o 

o 

*s 

u 

o 

« 

Q) 

(0 

CO 

^ 

CO 

Qt: 

z 

CM 

1- 

z 


z 

(O 


Z 
in 


Z 
7t 


CO 


Z         Z         (0 
P         P         P 


0^ 


A 

n 

<o 

^ 

in 

CM 

(O 
CO 

CM 

\.     \ 

\ 

CO 
CM 

^ 

in 
CO 

CO 

o  \ 

\' 

a 

CM 

;s 

•* 

O) 

h 

00 

CM 

CO 
CO 

in 

00 

t*. 

a 

a> 

CM 

CM 
CO 

(O 

N- 

00 

a> 

o 

CO 

P! 


45 


APPENDIX  B:  WELL  LOGS 


46 


h\:   IS 31 10 


MONTANA  BUREAU  OF  MINES  AND  GEOLOGY 
WELL  DATA  SHEET 
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^Hnpinf  Ntt«  l«r«l  Ulew  LS.: Ft. 

$l*ti<  w«t«r  Itirtt  bflew*  LI:  ^2.:.^   Ft. 

Ywld  in  t<l)ora  p*r  mimrt*:  _1_?2 

H9«  M.tid:     Pl^JjL^ &!JZ/^AI& *»<•"■ 

II  flowinf,  thut^n  prtiiufc  in  f$l: 


From 


A. 


25 


10 


T» 


A. 


25 


^O 


2o 


Lith«4o«it  Oooiviiom 


"7g^- 


..-/ 


a* 


V- 


Crr^'t  I 


CU 


y—L 


S.^J 


HerJ  cky     *-J     COerJt     Jt-^J 


From   (FiJ 


To  IFiJ       Oia.linJ 


TrP« 


V  Z-V 


yo 


W«/ 


FfOm    IFtJ 


To  CFlJ     - 


'    Oturlption 


8o 


nn. 


H^A  Pvc  y^^/../ 


stoh  <r<./  1^  skH siuy 


■f-rr. 


Pump  typo: ;^_ ; _   $iu  (MFI:  

WtM  M*!  typi:    jB^/dpyijA— ^__  I-_  _  I___; 

W«R  wal  dtpth:'    ftin     ''  _^_(2""-    *«•  ^        "        __SfiTt: 

WMof  -in'  •.i^^iJ^Ii-I-.;:;-^^!-..:::::!. .-^-^^-^  !._"•_• ' 

OtM  mli  eempitttdr  "      '      /^  d«»  Z  Q  "*»•    ..^.255.  »^! 

He«  drili«d:'    _^i!!^_^?o/f/W ._; ^ 

riy'wlKw:    L:'ZA/PjAl<_ liana  no.:  ^  J'J_ 


Wall  approprMiion:    Qj 

Orill«r:     1-^  '  ~   Ownw: 

SPSC.  □  ■       - ' .  Othw  fipttilTl: 


M8MG;     Q^ 
OSGS:    O 


Hki  Mtll  loc<uoa«aM  UI6  ntiTitdh     ■  Q  V**  D  "» 

Bv-Ao.^     S.ll6iAiit£/ A,.n«:    ^^/*<^_ 

0*U  itnliod:     j  _,      ^£   *•»  -       J.Q   "'^  J.i.f.^    "**' 

Location  o(  muiwioi  point:    J2?_*f  .J^ll  .J^'Ji'^ 

Mbniiiina  point"  Li.:  .    .  " 

T^  dcptN'of  ml  btlew  iS. 


.±.2.1  n 

_.___._  Ft. 


/o 


.^tiBping  .«nt*r  kirfLMoK  L.Sj 
Sntic  wiut  l«Mlbiloii>*.l4^  . 
I*M:'.     •'...--•-. ■ 

.,.  ■.  ;•  •. ..     '■-   ■-.    >■. 

WttM  tunpontura: 

StMcif  ic  q>ndu^ntr  *  2^^= 

YMi  in'sadora  pw  "•'<«■■= 

How  in««iur«d:  heurt; 


PATC    MCAtuWIO 


/O 


Aquiltr: 


F 
I 

L 
E 

l> 
A 
T 

A 


M8MG  wiiw  mil  no.|ktTl^  O 

MBMC  W«r  quiBtr  no.lUyl:  ■-.-..        "      '.    _' . 

MBMG  •qiiifti  rmt.  0  rw    Q  <>0  Fi'oitct  no.:  ^5C 

M8MG  luiie  MIM  l«Til  fit*:  Q  r—        Q  "o 

ONRC   WR  numb«<liayl; GMpl»yi.o  lo«i:     Q  y«<    (^no 

uses  (roundwiur  itfliOn  10  no 


5/f^.^.  /?«ro,ry,     ;^,^//ty        joIii/k. 


Uiff.f  AhrA  fiuLRJ 


Jl. 


-I 


■«N  ■  (|owin«.  pUct  •  (•l.lMn.   II  tlw  doditrtt  l«*«*it  tbOM  Itnd  Mrfto*  ■ 
pUct  fh<i  ••M  han  Mid  p>K*d*  h  ky  •  (•!.       ~ 


c:: 
x:: 

■^  4- 

a-  ^ 


il        LL      LllS. 

0»»  MO.  rtaM 


tA    i^^^ll 


MONTANA  BUREAU  OF  MINES  AND  GEOLOGY 
WELL  DATA  SHEET 


TowNSHir  Ci   ''E,  kan<;k  Z6    *^  ^ 

OttaiMloofWf:     "ZOM^-fLSi 

o«««<i.i2£r»:  Ia^i/.^£ 

Addition  (M  HI  lubdinltoiit: ;_ 

uses    IS-mt,.   Qr,Il&Q_^S_3Cli_Q.Q_L,^JIy]Q^T^ 

Altitvda  <*  Und  SwfradJ.)  ff  mi:  _    '< 


tf  CTIOM    ZS.  ^"^  di.4.6.  MQUINCI  NO.   Q /, 

covimy  £f^j^£d^£d^ COM 

R.M««I  1.1  ACM  o«M.i:     l£QL&/ii^£-^d^/:£^ 

.^ Block: Ue  _: Ottiw: 


UTIIOU)CrC       LOG 


_2X>J  ft. 

Ft. 

22  F.. 

How  t...Ml:       0£TLL£^BST^AI/JX^   hou«: 

If  llowint,  tlmtin  ptntuo  in  ^Sl:  ___ 


Toul  d«p0i  0«  w»n  bttow  I..S.: 
PURipint  wmm  l«t«t  Ulow  L4~ 
$Ulic  waur  bird  btlew*  L.S.: 
Yield  lA  9«nom  p«r  mimft*: 


From 


DO 


i*jo 


no 


22. 


Lm. 


/60 


Zoo 


Uthatoflc  Oxalpllora 


I'OSo-l 


t 


■fp^<     ei 


S^OI^n      ^"y 


c  o«  (-rt   /« ■«  J 


A^^J  ah^t ^/  CO*''*-  ^"^J 


From    (FtJ 


To  (FtJ       Dii.(liiJ 


TyP» 


^l-Sl 


JlL. 


j-^ft/ 


From    (FtJ 


To  (FtJ 


OMcriptian 


m 


201 


O^^    hoh 


^jrumptvpK ; 1__ ..SiiolMF):  

W«n  Md  trpo:       Qt^-^n''-f^      -  ' ^ i: 

Will  ml  d«pt)»:      from         ___0  '«■  "  t* .^JL—^t" 

Witwvw:  -^jti<k____:^ ____; Z—  —  —  —. 

Oatt  Nta  comolttMl:  22  **  LQ.  "*•   Z22C  T'" 

HewdrilM:    Al/LjCp^f^ 

BV  whom:    j^j.^<»J£ly Lictnc*  r<o.:  _^^-L 


Wtll  tpfKopnmon:     Q 

Ofiltor:    Q^  Owmt: 

$CS:     Q (hh.r  (i(>.otTl: 


D 


M8MG:     0^ 
USG$:     D 


H«i  will  locaiion  btan  fiald  nnfitd?: 
By  whom:  ^^_^dd^^. 
Dtti  >tnlitd:  l_Q_    day 

Location  of  mtaiurmf  point:     ^2JL 
Mtasurmf  point**  L5.: 
Total  dapth  of  wall  btlow  L.S 
^mpinf  watar  kfal  kalow  L.S. 
.Static  mtar  hnl  balow*  L.S- 


g^yaa  Q  no 

._     Aiancy:    ^^^^ 

/_0    mo.         13.1.?.    V"' 

a.*!.  ^:il*A  J'SiL"!. 

__^.£Ft. 


Ft. 


-21 


SpMifk  conductivitv  •  2S\: ^Hfl*^ 

Mow  m«j»ur*d: 


0*Tt    MC*>U*CD 


ZH 


2o 
12 


/o 


10 
10. 


1115. 


LllL 
IVJL 
li.lt 
Ltlt 


Aquifar: 


Coda: 


MBMG  watar  wall  no.lkayl:  O 

MBMG  watar  quality  no.duyl:  

MeMGao«ifartatr   0'y«     Q  "•  froiaet  no j  ^_2 1 

M8MG  lUtic  watar  laral  tila:  Q^yaa        Q  no 

DNRC   WR  numtwrlkfyl:       Caophyiia  109a:     Q  y«f    0^ 

USGS  (roundwatar  nation  10  no.: 


iV/ 


.,  A/.^  r»fk  K-i- 


SKETCH  IMAf 


VJtil  jT 


JU. 


*  If  *«il  rt  flowing,  plan  a   I*!  Iwra.   If  fka  dnchaifa  lt*<|l>t   abon  land  lurfaca  • 
known,  plaoa  Itwl  niva  Wra    and  prtcada  it    ky  a  (♦!. 

•  Abo<a  I'l.  balow  l-l  IS.    '  '     .  .     ' 


I 


ic 


__jL^L.fJ!L- 


%L       LL     Ills: 

0«y  aae.  via* 


I 


MONTANA  BUREAU  OF  MINES  AND  GEOLOGY 
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,      .  s0r  W0'  co*^"  i€dk^€i£.lijd& coo€  ___ 

[ON— -""^     Zbd6y.ii.& A*lr«.:     2^S_SjiXJ^^_DJi^^PXliQ^^/flj: 

OmmKLtlL^y   Za^dZ-iAA H..id«.l  W  «,  ..--I:    ^^jcM'£'-/f4A/Ofi 

:  AMMoa  III  In  lubdiititenl: __^ { giock: Ur.    _; Othtr. 

use*    75- mM.:    GX££^^.SC/fOOL^JijQ^J^__J\M.       jj^*     ^0_'     lg_*  H.    Um  ILZ*    20.'       0.1*   m 
Altrtud*  e«  Und  Sur««c*(l.t.l  •  ml:  .    M.    \   ,„j  ,„j  UTHOLCXilC       LOG 


M. 

-JLQ. 

II  flowiof.  fhul-M  prtiiur*  in  ^1;  ^-_.. 


Tool  d*rtl>  ol  Kdt  btlow  Li.: 
^Mnpinf  wattf  l«nl  btlow  \.ii 
Sutic  NiMr  k>«l  Ulew*  LS.: 
VmU  in  ttllora  p«  minut*: 


From 


^ 


20 


Ce> 


IIL 


zo 


ACL 


i£L 


lj|liolo«l<  0«taipileni 


LjU    yJUt^^     ^.U..Jc/y^      ////, 


^'■\J 


'.J>-^    v*//c^    Iroi^     <^lcy  J -fa/wg    f'^J 


/Do 


S^r^J 


i^ 


zsJ- 


■6- 

Rrsk,^     fnuds4x>Ht i^-U.     San  J 


Fiem    IFlJ 


T*  irtJ       OulliiJ 


Tro. 


/OO 


lib 


-^2.5" 


■jiJL. 


S^'cl- 


A4-  • 

f 

fl 
t 


■  f»*-  \fiX=i T»  1WJ  " 


'^0<ic';jpl!b« 


-7t 


.  -  lis 


^^/i-P)/C"Vf'Zj 


T-Z ST 


cu4i    O.H  Ski  J.K> 


'v.;l'!.' 7  _' . 


"'  r'.ii'i'f: 


ir  iAJL.\<i.-'1't''i:l.i. 


rump  lyp«: 


Wid  M«l  l>pi:    '^'•^ff^al^*"  ~ -■  ■' "  ~_~_~JV"-I^_:_"_'l.' 
Wall  Md  d»ptt<:  *  irotiT  ^  l-Jji^-  ft.-  IB  ^  ""  "  "    l.'l^^-n.L 


W«Mr  M* 

tyWKoH,:  lTa/Pi^i^ ik.«e.»o.:    -  zi;y_ 


■  I 


+•< 


MM>Mfing  poiijOt  ti- _  . ^_fc,^  Ft. 


lEj 
L 
D 


"\  ''!j"*''«-»^'»'-*"4'?'"***~  4^-j-^'.i.- 


T 
A 

•     .t 


WiU  tpprepnalion:     Q                                      .  M8MG;     {Pf 
OriBtr:'^-                -      oiw:     Q    '"            USOS:    Q  " 

SCS:     □  'oowf  iwtolrl:     , . __. 


Mm  mil  locjuon  bMn  Hild  nnfiiO.  Q^  □  "O 

B'r»hom:    £Il^j(/Jji/_     A,.n.v:   MjfAf(r_  . 

oIlM  .tfifitd:     .      i       /^    dn      '   '    ■    ^^  m*.          Zif-2    V-f 
Lecuion  ol  mMtuting  point: .  X^C.  S£.  JJStl—^JJ^ 


i    <■  ■    ■  f  ^  •      it ■ 

.t^i  itpoi  or*«itbiio«.i.»i..  _2Zyjf  *•- 


-V 


Fl. 

'rtiWttmptfiiinrv'r-^:^  'TT?^^  ^'    7  V  V  ' '    ' 

jia  in  0illo<W'p4c  mnuM^  .'.-".r:::.-  ■_-— "".■^-"."T-" 
iloiir  muuirid: 


0«TC    MI*fU«tO 


ti 


i.1 


IL 


"O 


Z^ 


=t|.ke:£iii 


/O 


it:z<2. 


ZQ. 


VCAft 


/^is; 


y   "       "^    A 


LlT'ni. .-',;- frrfi- 


2^ 


L4i:  flnaii'i. It'll 


( 


-<-  '-i<i-T-  ■-■^- 


-r' 


^■^---yvF:/'V->;-C-r''- 


I 


i 


^.quilf': 


i; 


MBMG  wiur  -mil  na.(k>|rlr  - 
MBMG  wdM  qiuliiy  no.lktrl: 
MBMG  tquiftr  tMt:    mVo    Q  no  • 
MSMG  tuik  MUi  Inal  HIk  Q'yi 

PNRC   WR  nufKbtrlktyh 

USGS  freundwiuc  tution  10  M.: 


-SKETCH  MAT  ■    ■ 


FroiKI  no.:  ^fift. _' 

□  •o 

'  loi*:     D  r"    0^"O 


-■-H 


jia. 


*l)  *^JH  l><>»<"r.  aj*«>  • '  4<l  »«•..  II  ttM  *Klwi|i  li««hl  ibon  UndJMrlM*  ■ 
kM*«.  ptMo  SMI -niM  kwt  witf  pnndb  A  tr't  1*1. 


^'  'a^.«'''  "i  ;i»>»i"Tlf  iV.-" 


4_c4i.il'..: 


0*u  iha  t»rat 


"T«l«."" 


.531C-. 


....      .:^ 


/A:  lS33a 
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TOWNSHIP  OZ. 


NQ 


RANCK  ££ 


S0 
0.iw«.l«»~':    TQ^OZ-^^S 

/UdltiM  IK  In  lubdMiienl: 

Altiliid*  of  iMd  SurfradSI  •  «*•: 


tCCTION    2i.                   -     '■■**T  £^^£^            aOUCMCI  NO.  Qj.  . 
COUNTY  £^A^£^££^P coot 

n»d<M  iM  MM  MHwi:    S^p/tA/^f  ^^l^/Oi 

Block: Ut    _:___   Otlur 


Ft. 


utmol(k;ic     log 


.lis  n- 
ft. 

-Ill  H. 

H  ttowinf ,  ihut.Ni  prtnuK  in  fSI:  ___ 


Teul  dtrtii  o<  wan  btlOM  LJ.. 
^mpint  otttr  l«>«l  bttew  L  J.: 
tutic  wtMr  Wtd  b«low*  L.I.: 
YitM  in  filont  pw  minute. 


From 


J' 


zo 


2.S 


M. 


Zo 


ze 


Yo_ 


£J1. 


LHlMlCfic  D*«criptloni 


/fy     So:l  (Loe,^\ 


S^^J   t^J    Crtytl      (k/tll  rcx^JtJ) 


J^^^J  .,J  jr^^l       JJ/i    I^Z.^J   <Jy 


^ 


S^^J       /l^A    j./i^  C.J  cA, 


•^-■^ , /fW    pt'     o/v./«/       ■//■jL.,    J  J^ 


-7^^^ 


E 

■*■ 
O 
R 
T 

E-4 
D 
1. 


From    IFlJ 


To  IFtJ       Di*.li«J 


Typi 


^"■^    '•^j 


"  ^T" 


/?cr- 


Sftti 


Co 


2°. 


■^■^r 


_2i 


ifd. 


<r'a>>^>*''-jC.^        /.M4  jr,^e/ 


SO 


OSL 


v?.,y  cv  J.// 


■From  tFi.rr.V"      To  irr) 


~0«iU>ptioi( 


GSL 


ygs 


Ss^L^^a^^r^oLL 


■/%t> 


JAS_ 


99i  Fvc.   iir^^js/,^ 


Ct.4  ^^Jt    ik:l  <.in^ 


-   —  _    »r  <. 


^,n-.V 


Pwrnp  typo:'" !___ I  S"'*  iM":         

wtn  s«i  typo:  JSiesijiei^&L:-,^—^——-  —  - 

Kill  M<l  dtptii.'-'fro*      '      "-'^^t'     10      .:._2S  Ft. 

?i:t;.^-,^i?3:^2^=r^^^^_^^^^ -i^^^  - 

bolil  wth  eorriplottd:''  '     2  jf  d»y  /  C  "»•   ^t.t-$.  'f' 

Itow  diiltiJ :'  ■  .^L'/^'—^^^/ _;_'J.  ^  _ 

»;  ^rfi^; ■  L.xiJs>jAY betflct  no.:    -  -2S2 1 


ToMI  *pfA  irf  «o«  Moo  L.>j 

^  I 

'>Bnilillt.««l«f  I***!  ttlOKT  \.i^ 

.Swiic  arttw  hiitl  bolbw!  LS.:^ 


will  oppraoruiion:    fD  ^  M8MG:     □ 

Drtiioc:    □  OwAw:    in    "^•-  USC$:'0 

SCtilp      '      •  OUw(wi<yl:_^ ,_, ,_w^ 


'  Hot  MiO  location  bMn  fi«M  nnlMA     -  Efir"     -.--  Q  "O 

Oo^«  Wfirw*;   . ..      .      ZO  «.y  -'  '7  6  "rni;    ^  "jL  ^iC   VM» 

to^tioA  ot  n>uturi»)  poi  m;     J.iip^  SZ—^^^'J-  -^iil?!.'- . 

•«i.^:^";i^-;«V  •  .".  ■'■'       -      *       .    I      Mtc  Mc«»u«CD 


.:_ ._  Ft 

Ft 

.-^.■^-^ -'t-l 

...,  ^L_.^.      Ft. 


li^otM,  ttbiporttuio: 
S|»cifi«'can<>uctinl)r  •  25^C:    - 
tiM'inipnbm  p*>  mirn»«:    ;-' 
fw«r  rnMiurvd;   '  '*'  . 


'^■^rr. 


'■  3    / L.^. 


LOO 


-'i».  '.  r.i'.yi,'".'.'!'. 


..1^^,,., 


t/'   '-J  .-...-^^ 


-t  / /  .-/..^    J  -' 


/V     .--V      1' 


^-7r 


--•-'-/—, — 


*<»«»''•»)  _^"_;_:i.^.:_ . 


^=^^^ 


:t»»::;i_'_'_. 


Mend  tnttr  w««  no.dityl:       -   - --        ■         __  0^^: -_ 

MBMG;wil((  qual>ty-no.(k«y^  -       -    -     -_._"   "  _^_j!----_-_ 

ktoMa  Muif*>  ton:   Q  yw    0  <•  Projoct  r>0J  ^__ _  ^ 

MSM'd  tt*li<  w*ur  ln«l  fiW:   '  0  v«       Q  no 

ONIC.  «rR  numtMrikoyl: _-   Gtophyiia  lop:     QyM    Qno 

USOS  Voimdwsttr  ntiion  ID  no-' 


.!    >y.  Jil— ii  ^  'f^^^^J^'^?^ 


fKtrcM  tor 


H/^ti 


V 


Vyf^n~,^    fAffuft.       D.fficM    ^    loc.-fc. 


M 


".       \:>.t    >:  : 


T. 


If  llrM  •  lljwa«.  p(M«  •.(•I  hot    1(  *•  trnOntf^ 
tr»w«.  ptoc*  Ihjl  nliM  iwro    ind  fricad*  n  ky  •  t*l. 
■•"**«•  t>i;'til«i.  (-ft  1  - 

.1^.^ — 


iMiftM   (toM  iHid  iur4«et  ■ 


■dSfl 


If 


.^>  " 


F 


ZL     zi    <l£ii 


APPENDIX  C:  WATER-LEVEL  DATA 


51 


Well  M:108610 


Location:     05S15W36CABD 


Note:  Water  levels  collected  with  digital  Stevens  Recorder. 


Elevation:   6565  ft 


Water 

Water 

Water 

Water 

Level 

Water 

Level 

Water 

Level 

Date 

Level  (ft)    . 

Altitude  (ft) 

Date 

Level  (ft)  Altitude  (ft) 

Date 

Level  (ft)  Altitude  (ft) 

3/22/95 

15.18 

6549.8 

10/3/95 

24.79 

6540.2 

11/11/95 

25.88 

6539.1 

6/26/95 

4.08 

6560.9 

10/4/95 

24.83 

6540.2 

11/12/95 

25.90 

6539.1 

8/29/95 

20.51 

6544.5 

10/5/95 

24.89 

6540.1 

11/13/95 

25.91 

6539.1 

8/30/95 

20.79 

6544.2 

10/6/95 

24.92 

6540.1 

11/14/95 

25.93 

6539.1 

8/31/95 

21.08 

6543.9 

10/7/95 

24.96 

6540.0 

11/15/95 

25.94 

6539.1 

9/1/95 

21.36 

6543.6 

10/8/95 

25.00 

6540.0 

11/16/95 

25.95 

6539.1 

9/2/95 

21.63 

6543.4 

10/9/95 

25.04 

6540.0 

11/17/95 

25.97 

6539.0 

9/3/95 

21.89 

6543.1 

10/10/95 

25.09 

6539.9 

11/18/95 

25.98 

6539.0 

9/4/95 

22.14 

6542.9 

10/11/95 

25.12 

6539.9 

11/19/95 

25.99 

6539.0 

9/5/95 

22.35 

6542.7 

10/12/95 

25.16 

6539.8 

11/20/95 

26.00 

6539.0 

9/6/95 

22.55 

6542.5 

10/13/95 

25.20 

6539.8 

11/21/95 

26.01 

6539.0 

9/7/95 

22.70 

6542.3 

10/14/95 

25.23 

6539.8 

11/22/95 

26.02 

6539.0 

9/8/95 

22.84 

6542.2 

10/15/95 

25.26 

6539.7 

11/23/95 

26.03 

6539.0 

9/9/95 

22.98 

6542.0 

10/16/95 

25.29 

6539.7 

11/24/95 

26.04 

6539.0 

9/10/95 

23.10 

6541.9 

10/17/95 

25.31 

6539.7 

11/25/95 

26.05 

6539.0 

9/11/95 

23.23 

6541.8 

10/18/95 

25.35 

6539.7 

11/26/95 

26.06 

6538.9 

9/12/95 

23.35 

6541.7 

10/19/95 

25.40 

6539.6 

11/27/95 

26.06 

6538.9 

9/13/95 

23.46 

6541.5 

10/20/95 

25.42 

6539.6 

12/18/95 

26.28 

6538.7 

9/14/95 

23.54 

6541.5 

10/21/95 

25.44 

6539.6 

12/28/95 

26.44 

6538.6 

9/14/95 

23.60 

6541.4 

10/22/95 

25.47 

6539.5 

12/29/95 

26.44 

6538.6 

9/14/95 

23.61 

6541.4 

10/23/95 

25.50 

6539.5 

12/30/95 

26.44 

6538.6 

9/15/95 

23.67 

6541.3 

10/24/95 

25.52 

6539.5 

12/31/95 

26.44 

6538.6 

9/16/95 

23.76 

6541.2 

10/25/95 

25.55 

6539.5 

1/1/96 

26.45 

6538.6 

9/17/95 

23.85 

6541.2 

10/26/95 

25.57 

6539.4 

1/2/96 

26.46 

6538.5 

9/18/95 

23.94 

6541.1 

10/27/95 

25.59 

6539.4 

1/3/96 

26.47 

6538.5 

9/19/95 

24.02 

6541.0 

10/28/95 

25.62 

6539.4 

1/4/96 

26.47 

6538.5 

9/20/95 

24.10 

6540.9 

10/29/95 

25.64 

6539.4 

1/5/96 

26.48 

6538.5 

9/21/95 

24.18 

6540.8 

10/30/95 

25.66 

6539.3 

1/6/96 

26.49 

6538.5 

9/22/95 

24.24 

6540.8 

10/31/95 

25.68 

6539.3 

1/7/96 

26.50 

6538.5 

9/23/95 

24.29 

6540.7 

11/1/95 

25.70 

6539.3 

1/8/96 

26.51 

6538.5 

9/24/95 

24.36 

6540.6 

11/2/95 

25.72 

6539.3 

1/9/96 

26.51 

6538.5 

9/25/95 

24.41 

6540.6 

11/3/95 

25.75 

6539.3 

1/10/96 

26.53 

6538.5 

9/26/95 

24.46 

6540.5 

11/4/95 

25.76 

6539.2 

1/11/96 

26.53 

6538.5 

9/27/95 

24.53 

6540.5 

11/5/95 

25.78 

6539.2 

1/12/96 

26.54 

6538.5 

9/28/95 

24.57 

6540.4 

11/6/95 

25.80 

6539.2 

1/13/96 

26.55 

6538.5 

9/29/95 

24.62 

6540.4 

11/7/95 

25.82 

6539.2 

1/14/96 

26.56 

6538.4 

9/30/95 

24.67 

6540.3 

11/8/95 

25.83 

6539.2 

1/15/96 

26.57 

6538.4 

10/1/95 

24.72 

6540.3 

11/9/95 

25.85 

6539.2 

1/16/96 

26.57 

6538.4 

10/2/95 

24.76 

6540.2 

11/10/95 

25.86 

6539.1 

1/17/96 

26.58 

6538.4 
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Water 

Water 

Water 

Water 

Level 

Water 

Level 

Water 

Level 

Date 

Level  (ft)    Altitude  (ft) 

Date 

Level  (ft)  Altitude  (ft) 

Date 

Level  (ft)  Altitude  (ft) 

1/18/96 

26.59 

6538.4 

3/3/96 

26.72 

6538.3 

4/19/96 

18.42 

6546.6 

1/19/96 

26.59 

6538.4 

3/4/96 

26.73 

6538.3 

4/20/96 

18.65 

6546.4 

1/20/96 

26.60 

6538.4 

3/5/96 

26.74 

6538.3 

4/21/96 

18.92 

6546.1 

1/21/96 

26.61 

6538.4 

3/6/96 

26.76 

6538.2 

4/22/96 

19.18 

6545.8 

1/22/96 

26.62 

6538.4 

3/7/96 

26.78 

6538.2 

4/23/96 

19.41 

6545.6 

1/23/96 

26.62 

6538.4 

3/8/96 

26.79 

6538.2 

4/24/96 

19.61 

6545.4 

1/24/96 

26.63 

6538.4 

3/9/96 

26.79 

6538.2 

4/25/96 

19.87 

6545.1 

1/25/96 

26.64 

6538.4 

3/10/96 

26.80 

6538.2 

4/26/96 

20.08 

6544.9 

1/26/96 

26.65 

6538.4 

3/11/96 

26.81 

6538.2 

4/27/96 

20.26 

6544.7 

1/27/96 

26.65 

6538.4 

3/12/96 

26.77 

6538.2 

4/28/96 

20.50 

6544.5 

1/28/96 

26.66 

6538.3 

3/13/96 

24.14 

6540.9 

4/29/96 

20.66 

6544.3 

1/29/96 

26.67 

6538.3 

3/16/96 

19.39 

6545.6 

4/30/96 

20.80 

6544.2 

1/30/96 

26.68 

6538.3 

3/17/96 

19.31 

6545.7 

5/1/96 

20.93 

6544.1 

1/31/96 

26.69 

6538.3 

3/18/96 

19.52 

6545.5 

5/2/96 

21.08 

6543.9 

2/1/96 

26.70 

6538.3 

3/19/96 

19.46 

6545.5 

5/3/96 

21.22 

6543.8 

2/2/96 

26.71 

6538.3 

3/20/96 

18.76 

6546.2 

5/4/96 

21.38 

6543.6 

2/3/96 

26.72 

6538.3 

3/21/96 

17.23 

6547.8 

5/5/96 

21.53 

6543.5 

2/4/96 

26.72 

6538.3 

3/22/96 

15.92 

6549.1 

5/6/96 

21.66 

6543.3 

2/5/96 

26.74 

6538.3 

3/23/96 

15.20 

6549.8 

5/7/96 

21.77 

6543.2 

2/6/96 

26.74 

6538.3 

3/24/96 

15.24 

6549.8 

5/8/96 

21.90 

6543.1 

2/7/96 

26.75 

6538.3 

3/25/96 

15.76 

6549.2 

5/9/96 

22.04 

6543.0 

2/8/96 

26.76 

6538.2 

3/26/96 

16.24 

6548.8 

5/10/96 

22.18 

6542.8 

2/9/96 

26.77 

6538.2 

3/27/96 

16.65 

6548.4 

5/11/96 

22.32 

6542.7 

2/10/96 

26.78 

6538.2 

3/28/96 

17.01 

6548.0 

5/12/96 

21.94 

6543.1 

2/11/96 

26.78 

6538.2 

3/29/96 

17.38 

6547.6 

5/13/96 

13.14 

6551.9 

2/12/96 

26.78 

6538.2 

3/30/96 

17.74 

6547.3 

5/14/96 

10.63 

6554.4 

2/13/96 

26.76 

6538.2 

3/31/96 

18.04 

6547.0 

5/15/96 

9.41 

6555.6 

2/14/96 

26.73 

6538.3 

4/1/96 

18.13 

6546.9 

5/16/96 

6.26 

6558.7 

2/15/96 

26.72 

6538.3 

4/2/96 

17.35 

6547.7 

5/17/96 

5.58 

6559.4 

2/16/96 

26.70 

6538.3 

4/3/96 

16.64 

6548.4 

5/18/96 

5.28 

6559.7 

2/17/96 

26.68 

6538.3 

4/4/96 

16.15 

6548.9 

5/19/96 

5.14 

6559.9 

2/18/96 

26.67 

6538.3 

4/5/96 

15.88 

6549.1 

5/20/96 

5.03 

6560.0 

2/19/96 

26.65 

6538.4 

416196 

15.65 

6549.4 

5/21/96 

4.66 

6560.3 

2/20/96 

26.64 

6538.4 

4/7/96 

15.13 

6549.9 

5/22/96 

4.38 

6560.6 

2/21/96 

26.64 

6538.4 

4/8/96 

14.78 

6550.2 

5/23/96 

4.28 

6560.7 

2/22/96 

26.64 

6538.4 

4/9/96 

14.71 

6550.3 

5/24/96 

4.25 

6560.8 

2/23/96 

26.64 

6538.4 

4/10/96 

14.99 

6550.0 

5/25/96 

4.19 

6560.8 

2/24/96 

26.64 

6538.4 

4/11/96 

15.37 

6549.6 

5/26/96 

4.13 

6560.9 

2/25/96 

26.64 

6538.4 

4/12/96 

15.83 

6549.2 

5/27/96 

4.09 

6560.9 

2/26/96 

26.64 

6538.4 

4/13/96 

16.35 

6548.7 

5/28/96 

4.07 

6560.9 

2/27/96 

26.65 

6538.4 

4/14/96 

16.82 

6548.2 

5/29/96 

4.07 

6560.9 

2/28/96 

26.66 

6538.3 

4/15/96 

17.20 

6547.8 

5/30/96 

4.09 

6560.9 

2/29/96 

26.68 

6538.3 

4/16/96 

17.47 

6547.5 

5/31/96 

4.10 

6560.9 

3/1/96 

26.69 

6538.3 

4/17/96 

17.79 

6547.2 

6/1/96 

4.12 

6560.9 

3/2/96 

26.71 

6538.3 

4/18/96 

18.10 

6546.9 

6/2/96 

4.12 

6560.9 
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Water 

Water 

Water 

Water 

Level 

Water 

Level 

Water 

Level 

Date 

Level  (ft)    Altitude  (ft) 

Date 

Level  (ft)  Altitude  (ft) 

Date 

Level  (ft)  Altitude  (ft) 

6/3/96 

4.12 

6560.9 

7/19/96 

9.55 

6555.5 

9/2/96 

22.31 

6542.7 

6/4/96 

4.23 

6560.8 

7/20/96 

9.88 

6555.1 

9/3/96 

22.50 

6542.5 

6/5/96 

4.39 

6560.6 

7/21/96 

10.21 

6554.8 

9/4/96 

22.66 

6542.3 

6/6/96 

4.34 

6560.7 

7/22/96 

10.55 

6554.5 

9/5/96 

22.80 

6542.2 

6/7/96 

4.14 

6560.9 

7/23/96 

10.88 

6554.1 

9/6/96 

22.94 

6542.1 

6/8/96 

4.04 

6561.0 

7/24/96 

11.19 

6553.8 

9/7/96 

23.06 

6541.9 

6/9/96 

3.99 

6561.0 

7/25/96 

11.48 

6553.5 

9/8/96 

23.19 

6541.8 

6/10/96 

4.01 

6561.0 

7/26/96 

11.80 

6553.2 

9/9/96 

23.30 

6541.7 

6/11/96 

4.02 

6561.0 

7/27/96 

12.12 

6552.9 

9/10/96 

23.41 

6541.6 

6/12/96 

4.07 

6560.9 

7/28/96 

12.43 

6552.6 

9/11/96 

23.52 

6541.5 

6/13/96 

4.11 

6560.9 

7/29/96 

12.74 

6552.3 

9/12/96 

23.61 

6541.4 

6/14/96 

4.15 

6560.9 

7/30/96 

13.03 

6552.0 

9/13/96 

23.69 

6541.3 

6/15/96 

4.17 

6560.8 

7/31/96 

13.30 

6551.7 

9/14/96 

23.77 

6541.2 

6/16/96 

4.08 

6560.9 

8/1/96 

13.55 

6551.5 

9/15/96 

23.84 

6541.2 

6/17/96 

4.03 

6561.0 

8/2/96 

13.79 

6551.2 

9/16/96 

23.92 

6541.1 

6/18/96 

4.08 

6560.9 

8/3/96 

14.05 

6551.0 

9/17/96 

24.01 

6541.0 

6/20/96 

4.12 

6560.9 

8/4/96 

14.31 

6550.7 

9/18/96 

24.08 

6540.9 

6/21/96 

4.14 

6560.9 

8/5/96 

14.57 

6550.4 

9/19/96 

24.15 

6540.9 

6/22/96 

4.18 

6560.8 

8/6/96 

14.90 

6550.1 

9/20/96 

24.21 

6540.8 

6/23/96 

4.21 

6560.8 

8/7/96 

15.22 

6549.8 

9/21/96 

24.27 

6540.7 

6/24/96 

4.23 

6560.8 

8/8/96 

15.52 

6549.5 

9/22/96 

24.32 

6540.7 

6/25/96 

4.19 

6560.8 

8/9/96 

15.81 

6549.2 

9/23/96 

24.36 

6540.6 

6/26/96 

4.16 

6560.8 

8/10/96 

16.09 

6548.9 

6/27/96 

4.19 

6560.8 

8/11/96 

16.37 

6548.6 

6/28/96 

4.26 

6560.7 

8/12/96 

16.64 

6548.4 

6/29/96 

4.33 

6560.7 

8/13/96 

16.93 

6548.1 

6/30/96 

4.35 

6560.7 

8/14/96 

17.22 

6547.8 

7/1/96 

4.09 

6560.9 

8/15/96 

17.49 

6547.5 

7/2796 

4.40 

6560.6 

8/16/96 

17.74 

6547.3 

7/3/96 

4.44 

6560.6 

8/17/96 

17.97 

6547.0 

7/4/96 

4.46 

6560.5 

8/18/96 

18.22 

6546.8 

7/5/96 

4.51 

6560.5 

8/19/96 

18.50 

6546.5 

7/6/96 

4.57 

6560.4 

8/20/96 

18.75 

6546.3 

7/7/96 

4.62 

6560.4 

8/21/96 

19.03 

6546.0 

7/8/96 

4.66 

6560.3 

8/22/96 

19.32 

6545.7 

7/9/96 

4.65 

6560.4 

8/23/96 

19.64 

6545.4 

7/10/96 

4.93 

6560.1 

8/24/96 

19.94 

6545.1 

7/11/96 

6.01 

6559.0 

8/25/96 

20.24 

6544.8 

7/12/96 

6.86 

6558.1 

8/26/96 

20.53 

6544.5 

7/13/96 

7.47 

6557.5 

8/27/96 

20.82 

6544.2 

7/14/96 

7.90 

6557.1 

8/28/96 

21.11 

6543.9 

7/15/96 

8.26 

6556.7 

8/29/96 

21.40 

6543.6 

7/16/96 

8.59 

6556.4 

8/30/96 

21.65 

6543.4 

7/17/96 

8.90 

6556.1 

8/31/96 

21.86 

6543.1 

7/18/96 

9.26 

6555.7 

9/1/96 

22.09 

6542.9 
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Well  M:1S3310 


Location:    02S16W24ADBC 


Elevation;  6078  ft 


Note:  *  Water  level  measurements  collected  with  electric  tape. 
All  otfter  measurements  collected  wflth  Stevens  Recorder. 


Water 

Water 

Water 

Water 

Level 

Water 

Level 

Water 

Level 

Date 

Time    Level  (ft)  Altitude  (ft) 

Date 

Time     1 

.evel(ft)  Altitude  (ft) 

Date 

Time 

Level  (ft)  Altitude  (ft) 

10/16/95 

16:00 

24.69 

6053.3  * 

11/14/95 

17:30 

26.34 

6051.7 

12/11/95 

17:30 

26.66 

6051.3 

10/19/95 

15:50 

25.07 

6052.9  • 

11/15/95 

5:30 

26.35 

6051.7 

12/12/95 

5:30 

26.79 

6051.2 

10/19/95 

17:30 

25.11 

6052.9 

11/15/95 

17:30 

26.34 

6051.7 

12/12/95 

17:30 

26.83 

6051.2 

10/20/95 

5:30 

25.04 

6053.0 

11/16/95 

5:30 

26.30 

6051.7 

12/13/95 

5:30 

26.95 

6051.1 

10/20/95 

17:30 

24.98 

6053.0 

11/16/95 

17:30 

26.40 

6051.6 

12/13/95 

17:30 

26.99 

6051.0 

10/21/95 

5:30 

24.93 

6053.1 

11/17/95 

5:30 

26.40 

6051.6 

12/14/95 

5:30 

26.98 

6051.0 

10/21/95 

17:30 

24.92 

6053.1 

11/17/95 

17:30 

26.38 

6051.6 

12/14/95 

17:30 

26.93 

6051.1 

10/22/95 

5:30 

25.02 

6053.0 

11/18/95 

5:30 

26.26 

6051.7 

12/15/95 

5:30 

26.97 

6051.0 

10/22/95 

17:30 

25.16 

6052.8 

11/18/95 

17:30 

26.32 

6051.7 

12/15/95 

17:30 

27.01 

6051.0 

10/23/95 

5:30 

25.20 

6052.8 

11/19/95 

5:30 

26.39 

6051.6 

12/16/95 

5:30 

■   27.06 

6050.9 

10/23/95 

17:30 

25.19 

6052.8 

11/19/95 

17:30 

26.41 

6051.6 

12/16/95 

17:30 

27.07 

6050.9 

10/24/95 

5:30 

25.15 

6052.9 

11/20/95 

5:30 

26.45 

6051.6 

12/17/95 

5:30 

27.06 

6050.9 

10/24/95 

17:30 

25.17 

6052.8 

11/20/95 

17:30 

26.47 

6051.5 

12/17/95 

17:30 

27.05 

6051.0 

10/25/95 

5:30 

25.20 

6052.8 

11/21/95 

5:30 

26.36 

6051.6 

12/18/95 

13:20 

26.71 

6051.3  • 

10/25/95 

17:30 

25.21 

6052.8 

11/21/95 

17:30 

26.29 

6051.7 

12/18/95 

14:00 

26.70 

6051.3 

10/26/95 

5:30 

25.16 

6052.8 

11/22/95 

5:30 

26.37 

6051.6 

12/19/95 

14:00 

26.69 

6051.3 

10/26/95 

17:30 

25.25 

6052.8 

11/22/95 

17:30 

26.41 

6051.6 

12/20/95 

14:00 

26.72 

6051.3 

10/27/95 

5:30 

25.37 

6052.6 

1 1/23/95 

5:30 

26.47 

6051.5 

12/21/95 

14:00 

26.75 

6051.3 

10/27/95 

17:30 

25.40 

6052.6 

11/23/95 

17:30 

26.47 

6051.5 

12/22/95 

14:00 

26.82 

6051.2 

10/28/95 

5:30 

25.40 

6052.6 

11/24/95 

5:30 

26.43 

6051.6 

12/23/95 

14:00 

26.83 

6051.2 

10/28/95 

17:30 

25.40 

6052.6 

11/24/95 

17:30 

26.42 

6051.6 

12/24/95 

14:00 

26.90 

6051.1 

10/29/95 

5:30 

25.41 

6052.6 

11/25/95 

5:30 

26.35 

6051.7 

12/25/95 

14:00 

27.02 

6051.0 

10/29/95 

17:30 

25.44 

6052.6 

11/25/95 

17:30 

26.35 

6051.7 

12/26/95 

14:00 

27.01 

6051.0 

10/30/95 

5:30 

25.48 

6052.5 

11/26/95 

5:30 

26.33 

6051.7 

12/27/95 

14:00 

27.00 

6051.0 

10/30/95 

17:30 

25.49 

6052.5 

11/26/95 

17:30 

26.47 

6051.5 

12/28«5 

14:00 

26.98 

6051.0 

10/31/95 

5:30 

25.48 

6052.5 

11/27/95 

5:30 

26.55 

6051.5 

12/29/95 

14:00 

27.01 

6051.0 

10/31/95 

17:30 

25.46 

6052.5 

11/27/95 

17:30 

26.48 

6051.5 

12/30/95 

14:00 

26.96 

6051.0 

11/1/95 

5:30 

25.69 

6052.3 

11/28/95 

5:30 

26.36 

6051.6 

12/31/95 

14:00 

26.96 

6051.0 

11/1/95 

17:30 

25.71 

6052.3 

11/28«5 

17:30 

26.43 

6051.6 

1/1/96 

14:00 

27.27 

6050.7 

11/2/95 

5:30 

25.74 

6052.3 

11/29/95 

5:30 

26.57 

6051.4 

M2m 

14:00 

27.27 

6050.7 

11/2/95 

17:30 

25.74 

6052.3 

11/29/95 

17:30 

26.61 

6051.4 

1/3/96 

14:00 

27.13 

6050.9 

11/3/95 

5:30 

25.78 

6052.2 

11/30/95 

5:30 

26.62 

6051.4 

1/4/96 

14:00 

27.11 

6050.9 

11/3/95 

17:30 

25.80 

6052.2 

11/30/95 

17:30 

26.57 

6051.4 

1/5/96 

14:00 

27.37 

6050.6 

11/4/95 

5:30 

25.79 

6052.2 

12/1/95 

5:30 

26.66 

6051.3 

1/6/96 

14:00 

27.51 

6050.5 

11/4/95 

17.30 

25.68 

6052.3 

12/1/95 

17:30 

26.70 

6051.3 

1/7/96 

14:00 

27.50 

6050.5 

11/5/95 

5:30 

25.68 

6052.3 

12/2/95 

5:30 

26.74 

6051.3 

1/8«6 

14:00 

27.47 

6050.5 

11/5/95 

17:30 

25.77 

6052.2 

12/2/95 

17:30 

26.75 

6051.3 

1/9/96 

14:00 

27.57 

6050.4 

11/6/95 

5:30 

25.78 

6052.2 

12«/95 

5:30 

26.62 

6051.4 

1/10/96 

14:00 

27.53 

6050.5 

11/6/95 

17:30 

25.95 

6052.1 

12n/95 

17:30 

26.86 

6051.1 

1/11/96 

14:00 

27.77 

6050.2 

11/7/95 

5:30 

25.97 

6052.0 

12/4/95 

5:30 

26.84 

6051.2 

1/12/96 

14:00 

27.77 

6050.2 

11/7/95 

17:30 

25.97 

6052.0 

12/4/95 

17:30 

26.72 

6051.3 

1/13«6 

14:00 

27.68 

6050.3 

11/8/95 

5:30 

26.02 

6052.0 

12/5/95 

5:30 

26.79 

6051.2 

1/14/96 

14:00 

27.71 

6050.3 

11/8/95 

17:30 

25.86 

6052.1 

12/5/95 

17:30 

26.79 

6051.2 

1/15«6 

14:00 

27.73 

6050.3 

11/9/95 

5:30 

25.84 

6052.2 

12/6/95 

5:30 

26.64 

6051.4 

1/16/96 

14:00 

27.70 

6050.3 

11/9/95 

17:30 

25.92 

6052.1 

12/6/95 

17:30 

26.74 

6051.3 

1/17/96 

14:00 

27.58 

6050.4 

11/10/95 

5:30 

25.99 

6052.0 

12/7/95 

5:30 

26.82 

6051.2 

1/18«6 

14:00 

28.02 

6050.0 

11/10/95 

17:30 

26.09 

6051.9 

12/7/95 

17:30 

26.84 

6051.2 

1/19/96 

14:00 

27.84 

6050.2 

11/11/95 

5:30 

26.15 

6051.9 

12/8/95 

5:30 

26.84 

6051.2 

1/20/96 

14:00 

27.84 

6050.2 

11/11/95 

17:30 

26.12 

6051.9 

12/8/95 

17:30 

26.81 

6051.2 

1/21/96 

14:00 

27.91 

6050.1 

11/12/95 

5:30 

26.14 

6051.9 

12«/95 

5:30 

26.79 

6051.2 

1/22«6 

14:00 

28.09 

6049.9 

11/12/95 

17:30 

26.23 

6051.8 

12/9/95 

17:30 

26.71 

6051.3 

1/23«6 

14:00 

28.16 

6049.8 

11/13/95 

5:30 

26.30 

6051.7 

12/10/95 

5:30 

26.74 

6051.3 

1/24/96 

14:00 

28.14 

6049.9 

11/13/95 

17:30 

26.33 

6051.7 

12/10/95 

17:30 

26.70 

6051.3 

M25/X 

14:00 

28.11 

6049.9 

11/14/95 

5:30 

26.34 

6051.7 

12/11/95 

5:30 

26.55 

6051.5 

1/26«6 

14:00 

28.34 

6049.7 
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Water 

Water 

Water 

Water 

Level 

Water 

Level 

Water 

Level 

Date 

Time    Level  (ft)  Altitude  (ft) 

Date 

Time     Level  (ft)  Altitude  (ft) 

Date 

Time    1 

Level  (ft)  Altitude  (ft) 

1/27/96 

14:00 

28.35 

6049.7 

3/25/96 

16:00 

30.36 

6047.6 

5/21/96 

16:00 

28.97 

6049.0 

1/28/96 

14:00 

28.17 

6049.8 

3/26/96 

16:00 

30.20 

6047.8 

5/21/96 

20:30 

28.99 

6049,0  * 

1/29/96 

14:00 

28.40 

6049.6 

3/27/96 

16:00 

30.21 

6047.8 

5/22/96 

16:00 

29.03 

6049  0 

1/30/96 

14:00 

28.53 

6049.5 

3/28/96 

16:00 

30.19 

6047.8 

5122m 

16:00 

29.09 

60489 

1/31/96 

14:00 

28.58 

6049.4 

3/29/96 

16:00 

30.33 

6047.7 

5/24/96 

16:00 

29.06 

6048.9 

2/1/96 

14:00 

28.60 

6049.4 

3/30/96 

16:00 

30.38 

6047.6 

5/25/96 

16:00 

28.96 

6049.0 

2/2/96 

14:00 

28.77 

6049.2 

3/31/96 

16:00 

30.33 

6047.7 

5/26«6 

16:00 

28.94 

6049.1 

2A3/96 

14:00 

28.77 

6049.2 

4/1/96 

16:00 

30.30 

6047.7 

5/27/96 

16:00 

28.89 

6049.1 

2/4/96 

14:00 

28.78 

6049.2 

4/2/96 

16:00 

30.42 

6047.6 

5/28«6 

16:00 

28.89 

6049,1 

2/5/96 

14:00 

28.81 

6049.2 

4/3/96 

16:00 

30.51 

6047.5 

5/29/96 

16:00 

28.91 

6049,1 

2/6/96 

14:00 

28.79 

6049.2 

4/4/96 

16:00 

30.60 

6047.4 

5/30/96 

16:00 

28.88 

6049.1 

2/7/96 

14:00 

28.79 

6049.2 

4/5/96 

16:00 

30.59 

6047.4 

5/31/96 

16:00 

28.89 

6049.1 

2/8«6 

14:00 

28.86 

6049.1 

4/6/96 

16:00 

30.48 

6047.5 

6/1/96 

16:00 

28.88 

6049,1 

2/9/96 

14:00 

28.85 

6049.2 

4/7/96 

16:00 

30.38 

6047.6 

612m 

16:00 

28.76 

6049.2 

2/10/96 

14:00 

29.07 

6048.9 

4/8/96 

16:00 

30.35 

6047.7 

6A3«6 

16:00 

28.70 

6049.3 

2/11/96 

14:00 

29.23 

6048.8 

4/9/96 

16:00 

30.22 

6047.8 

6/4/96 

16:00 

28.46 

6049.5 

2/12/96 

14:00 

29.20 

6048.8 

4/10/96 

16:00 

30.17 

6047,8 

6/5/96 

16:00 

28.25 

6049.8 

2/13/96 

14:00 

29.15 

6048.9 

4/11/96 

16:00 

30.18 

6047.8 

6/6/96 

16:00 

27.86 

6050.1 

2/14/96 

14:00 

29.09 

6048.9 

4/1 2«6 

16:00 

30.10 

6047.9 

6/7/96 

16:00 

27.51 

6050.5 

2/15/96 

14:00 

29.13 

6048.9 

4/13/96 

16:00 

30.20 

6047.8 

6/8/96 

16:00 

27.25 

6050.8 

2/16/96 

14:00 

29.19 

6048.8 

4/14/96 

16:00 

30.08 

6047.9 

6/9/96 

16:00 

26.84 

6051.2 

2/17/96 

14:00 

29.16 

6048.8 

4/15/96 

16:00 

29.85 

6048.2 

6/10/96 

16:00 

26.82 

6051.2 

2/1 8«6 

14:00 

29.09 

6048.9  . 

4/16/96 

16:00 

29.80 

6048.2 

6/11/96 

16:00 

26.78 

6051.2 

2/19/96 

14:00 

29.09 

6048.9 

4/17/96 

16:00 

29.86 

6048.1 

6/1 2«6 

16:00 

26.59 

6051.4 

2/20/96 

14:00 

29.12 

6048.9 

4/18/96 

16:00 

29.88 

6046.1 

6/13«6 

16:00 

26.35 

6051.7 

2/21/96 

14:00 

29.20 

6048.8 

4/19/96 

16:00 

29.85 

6046.2 

6/14/96 

16:00 

26.12 

6051.9 

2/22/96 

14:00 

29.20 

6048.8 

4/20/96 

16:00 

29.79 

6048.2 

6/15/96 

16:00 

25.87 

6052.1 

2/23/96 

14.00 

29.38 

6048.6 

4/21/96 

16:00 

29.82 

6048.2 

6/16«6 

16:00 

25.62 

6052.4 

2/24/96 

14:00 

29.30 

6048.7 

4/22«6 

16:00 

29.78 

6048.2 

6/17/96 

16:00 

25.48 

6052.5 

2/2  5«6 

14:00 

29.37 

6048.6 

4/23/96 

16:00 

29.73 

6048.3 

6/18/96 

16:00 

25.36 

6052.6 

2/26/96 

14:00 

29.45 

6048.6 

4/24/96 

16:00 

29.62 

6048.4 

6/19/96 

11:20 

25.24 

6052.8  * 

2/27/96 

14:00 

29.50 

6048.5 

4/25/96 

16:00 

29.76 

6048.2 

6/19/96 

16:00 

25.23 

6052.8 

2/28/96 

14:00 

29.58 

6048.4 

4/26/96 

16:00 

29.65 

6048.4 

6f20m 

16:00 

24.95 

6053.0 

2/29/96 

14:00 

29.68 

6048.3 

4/27/96 

16:00 

29.61 

6048.4 

6/21/96 

8:15 

24.91 

6053.1  • 

3/1/96 

14:00 

29.71 

6048.3 

4/28/96 

16:00 

29.69 

6048.3 

6/21/96 

16:00 

24.89 

6053,1 

3/2/96 

14:00 

29.67 

6048.3 

4/29/96 

16:00 

29.52 

6048.5 

6/22m 

16:00 

24.67 

6053.3 

3/3/96 

14:00 

29.59 

6048.4 

4/30/96 

16:00 

29.43 

6048.6 

6/23«6 

16:00 

24.60 

6053.4 

3/4/96 

14:00 

29.58 

6048.4 

5/1/96 

16:00 

29.42 

6048.6 

6/24/96 

16:00 

24.42 

6053.6 

3/5«6 

14:00 

29.55 

6048.5 

5/2/96 

16:00 

29.38 

6048.6 

6/25/96 

16:00 

24,19 

6053.8 

3/6/96 

14:00 

29.90 

6048.1 

5/3/96 

16:00 

29.38 

6048.6 

6/26«6 

16:00 

24.12 

6053.9 

3/7/96 

14:00 

29.98 

6048.0 

5/4/96 

16:00 

29.42 

6048.6 

6/27/96 

16:00 

24.00 

6054.0 

3/8/96 

14:00 

29.99 

6048.0 

5/5«6 

16:00 

29.38 

6048.6 

6/28/96 

16:00 

23.97 

6054.0 

3/9/96 

14:00 

30.02 

6048.0 

5/6/96 

16:00 

29.30 

6048.7 

6/29«6 

16:00 

23.93 

6054.1 

3/10/96 

14:00 

29.99 

6048.0 

5/7/96 

16:00 

29.31 

6046.7 

6/30«6 

16:00 

23.81 

6054.2 

3/11/96 

14:00 

29.98 

6048.0 

5/8^6 

10:45 

29.34 

6048.7  * 

7/1/96 

16:00 

23.66 

6054.3 

3/12/96 

14:00 

29.97 

6048.0 

5/8«6 

16:00 

29.33 

6048.7 

7l2Jm 

16:00 

23.54 

6054.5 

3/13/96 

14:00 

30.00 

6048.0 

5/9/96 

10:15 

29.38 

6048.6  * 

7/3/96 

16:00 

23.40 

6054.6 

3/1 3«6 

15:35 

6078.0  * 

5/9«6 

16:00 

29.38 

6048.6 

7/4/96 

16:00 

23.33 

6054.7 

3/14/96 

16:00 

30.17 

6047,8 

5/10/96 

16:00 

29.40 

6046.6 

7/5«6 

16.00 

23.29 

6054.7 

3/15/96 

16:00 

30.08 

6047.9 

5/11/96 

16:00 

29.38 

6048.6 

iiem 

16:00 

23.27 

6054.7 

3/16/96 

16:00 

30.17 

6047.8 

5/12/96 

16:00 

29.29 

6048.7 

inm 

16:00 

23.04 

6055.0 

3/17/96 

16:00 

30.23 

6047.8 

5/13/96 

16:00 

29.18 

6048.8 

iizm 

16:00 

22.96 

6055.0 

3/18/96 

16:00 

30.33 

6047.7 

5/14/96 

16:00 

29.20 

6048.8 

719m 

16:00 

22.97 

6055.0 

3/19/96 

16:00 

30.26 

6047.7 

5/15/96 

16:00 

29.20 

6048.8 

7/1 0«6 

16:00 

23.02 

6055.0 

3/20/96 

16:00 

30.22 

6047.8 

5/16/96 

16:00 

29.16 

6048.8 

7/11/96 

16:00 

23.03 

6055.0 

3«1/96 

16:00 

30.22 

6047.6 

5/17/96 

16:00 

29.12 

6048.9 

7/12/96 

16:00 

23.05 

■     6054.9 

3/22/96 

16:00 

30.04 

6048.0 

5/18/96 

16:00 

29.15 

6048.9 

7/1 3«6 

16:00 

23.14 

6054.9 

3/23«6 

16.00 

30.28 

6047.7 

5/19/96 

16:00 

29.18 

6048.8 

7/14/96 

16:00 

23.20 

6054.8 

3/24/96 

16:00 

30.35 

6047.7 

5/20/96 

16:00 

29.15 

6048.9 

7/15/96 

16:00 

23.24 

6054.8 
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Water 

Water 

Water 

Water 

Level 

Water 

Level 

Water         Level 

Date 

Time 

Level  (ft)  Altitude  (ft) 

Date 

Time 

Level  (ft)  Altitude  (ft)             Date 

Time     Level  (ft)  Altitude  (ft) 

7/16/96 

16:00 

23.32 

6054.7 

9/11/96 

16:00 

26.61 

6051.4 

7/17/96 

8:45 

23.42 

6054.6  * 

9/12/96 

15:55 

26.52 

6051.5  * 

7/17/96 

16:00 

23.40 

6054.6 

9/12/96 

16:00 

26.57 

6051.4 

7/18/96 

16:00 

23.55 

6054.4 

9/13/96 

16:00 

26.56 

6051.4 

7/19/96 

16:00 

23.60 

6054.4 

9/14/96 

16:00 

26.68 

6051.3 

7/20/96 

16:00 

23.71 

6054.3 

9/15/96 

16:00 

26.77 

6051.2 

7/21/96 

16:00 

23.79 

6054.2 

9/16/96 

16:00 

26.88 

6051.1 

7/22/96 

16:00 

23.84 

6054.2 

9/17/96 

16:00 

26.95 

6051.0 

7/23«6 

16:00 

23.90 

6054.1 

9/18/96 

16:00 

27.00 

6051.0  * 

7/24/96 

16:00 

23.89 

6054.1 

9/19/96 

16:00 

27.05 

6050.9 

7/25/96 

16:00 

24.01 

6054.0 

9/20/96 

16:00 

27.01 

6051.0 

7/26/96 

16:00 

24.08 

6053.9 

9/21/96 

16:00 

27.05 

6050.9 

7/27/96 

16:00 

24.12 

6053.9 

10/9/96 

15:55 

27.95 

6050.1  * 

7/28/96 

16:00 

24.21 

6053.8 

7/29/96 

16:00 

24.28 

6053.7 

. 

7/30/96 

16:00 

24.32 

6053.7 

7/31/96 

16:00 

24.31 

6053.7 

8/1/96 

16:00 

24.30 

6053.7 

8/2/96 

16:00 

24.35 

6053.6 

8/3/96 

16:00 

24.43 

6053.6 

8/4/96 

16:00 

24.48 

6053.5 

8/5/96 

16:00 

24.48 

6053.5 

8/6«6 

16:00 

24.75 

6053.2 

8/7/96 

16:00 

24.83 

6053.2 

8/8/96 

16:00 

24.87 

6053.1 

8/9/96 

16:00 

24.90 

6053.1 

8/10/96 

16:00 

24.92 

6053.1 

8/11^96 

16:00 

24.96 

6053.0 

8/12/96 

16:00 

25.08 

6052.9 

8/13/96 

16:00 

25.16 

6052.8 

8/14/96 

16:00 

25.18 

6052.8 

8/15/96 

16:00 

25.23 

6052.8 

8/16/96 

16:00 

25.21 

6052.8 

8/17/96 

16:00 

25.21 

6052.8 

8/18/96 

16:00 

25.39 

6052.6 

8/19/96 

12:00 

25.39 

6052.6  • 

8/19/96 

16:00 

25.42 

6052.6 

8/20/96 

16:00 

25.43 

6052.6 

8/21/96 

16:00 

25.60 

6052.4 

8/22«6 

16:00 

25.63 

6052.4 

8/23/96 

16:00 

25.71 

6052.3 

8/24/96 

16:00 

25.70 

6052.3 

8/25«6 

16:00 

25.73 

6052.3 

8/26/96 

16:00 

25.73 

6052.3 

8/27/96 

16:00 

25.79 

6052.2 

8/28/96 

16:00 

25.99 

6052.0 

8/29/96 

16:00 

26.02 

6052.0 

8/30/96 

16:00 

25.94 

6052.1 

8/31/96 

16:00 

26.02 

6052.0 

9/1/96 

16:00 

26.05 

6051.9 

9/2«6 

16:00 

26.15 

6051.8 

9/3«6 

16:00 

26.15 

6051.8 

9/4/96 

16:00 

26.11 

6051.9 

9/5«6 

16:00 

26.24 

6051.8 

9/6/96 

16:00 

26.41 

6051.6 

9/7/96 

16:00 

26.43 

6051.6 

9/8/96 

16:00 

26.47 

6051.5 

9/9/96 

16:00 

26.54 

6051.5 

9/10/96 

16:00 

26.62 

6051.4 

M:153310 

58 

r- 


J 


^. 


f 


\ 


y 


•BUE^uopM  'uiseq  910H  §19  -laddfi  aqi  ui  ja^EMpu 


J 


■%. 


V, 


^ 


^ 


/ 


^1 


(J 


Montana  Bureau  of  Mines  and  Geology 

A  Department  of  Montana  Tech  of  The  University  of  Montana 


/ 


FawiwEN"!- 


LI 


»~_) 


':? 


^ 


O 


.Jf^ 


D 


-/ 


N. 


^? 


T 


/- 


.x)e^A  A-.=r^.J^ 

----^^"^ 

/jH.jle 


,£S;:£ 


W\ 


™^«-  I  ,; 


t 


:^-«cr- 


r- 


<^ 


^^^< 


^. 


\^v. 


61116       ""S 


I       ,..§1^^^ 


o 


\ 


\ 


\ 


L 


&r 

V/j 

V,;r 

: 

;  Ud 

-.  a 
i 

\  «.'"*  yii 

i 

,      •     |!7  ^^ 

T,.v 

^~r 


^x/- 


Plate  1:  Potentiometric  surface  of  shallow  groundwater  in  the  Upper  Big  Hole  basin,  Montana. 
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